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ABSTRACT 
 
Sustainable construction has become part of the national agenda in Malaysia in an effort to preserve 
the environment for a better future. The management of construction and demolition (C&D) wastes 
is considered an essential element in achieving the sustainability goal in Malaysia. In this light, the 
high rate of waste generation will put pressure on the limited space for landfill, deplete the natural 
resources, and create more illegal dumping issues, which will directly harm the environment. The 
pressures to reduce wastes have significantly contributed to the shift in mindset among construction 
actors to elude the linear-based practices of the construction industry. A holistic model is required 
to manage waste generation more efficiently, and the concept of circular economy (CE) has been 
identified as a potential approach to handle waste generation by putting forward the idea of turning 
waste into wealth, by maximising the available resources as long as possible, throughout the 
construction cycle.  
 
This research was undertaken to develop a holistic model for C&D waste management that is 
applicable throughout the construction cycle (planning and designing stage, procurement stage and 
construction and demolition stage) in Malaysia. The methodological approach taken in this study is 
a mixed methodology approach, which is based on systematic literature review, a combination of 
the Delphi method and Analytical Hierarchy Process (AHP), the distribution of questionnaires and a 
simulation process using system dynamics. The relevant previous studies were reviewed to develop 
the preliminary model, based on the three layer approaches of micro, meso and macro of CE. The 
developed model was then validated using the combination of the Delphi method and AHP to 
scrutinise the suitability of the model to be adopted in the Malaysian construction industry. An 
enhanced model of C&D waste management was then introduced; based on the twenty experts’ 
opinions. The experts are comprised of personnel from government agencies, developers, 
consultants and contractors in Malaysia. A causal loop diagram (CLD) was developed as an initial 
step towards the simulation process, which is designed based on the feedback gathered from 167 
respondents. These respondents comprise the construction actors in Malaysia who answered and 
returned the questionnaires that are circulated. Finally, the C&D waste management system was 
simulated using the system dynamics modelling software, to evaluate and analyse the suitability of 
the model in the real-case scenario.  
 
The findings emphasised the significance of defining the right 3R principles of ‘reduce, reuse and 
recycle’, the suitable waste minimisation strategies, and the organisations responsible to ensure the 
implementation of C&D waste management at different stages of the construction cycle. The results 
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revealed that the 3R principles should be integrated throughout the entire construction cycle, and 
the ‘reduce’ principle should be prioritised as early as possible. Moreover, the adoption of a modern 
construction method and the application of a waste management plan are necessary at the planning 
and designing stages to minimise waste generation. At the procurement stage, regulatory 
enhancement is required to ensure attention is given towards managing waste generation more 
effectively. Government agencies play a vital role in these stages to ensure the implementation of 
C&D waste management, especially in promoting the application of 3R principles. The contractors 
are responsible for planning an effective site management that includes proper material storage and 
monitoring workers’ behaviours at the construction and demolition stage. Furthermore, the findings 
also pointed out that the main influencing factor to waste generation is the lack of on-site materials 
and waste management plans. Meanwhile, there is an increasing motivation to develop a better 
C&D waste management commitment to environmental sustainability. Lastly, the simulation 
modelling in this study enhanced the result and provided a clear view on understanding the 
dynamics and relationships of the selected variables in the model.  
 
This study extends the current literature that frequently covers the C&D waste management strategy 
after waste generation, by presenting the knowledge and awareness of managing the C&D wastes 
throughout the construction cycle. It provides guidance and serves as a platform for construction 
actors to hone their focus on the management of C&D waste generation as early as possible. It can 
also promote the involvement of all construction actors to play their role in prioritizing the 
management of C&D wastes in a more sustainable and efficient way. 
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Chapter 1 - INTRODUCTION 
1.1 RESEARCH BACKGROUND 
 
Urbanisation has contributed to socio-economic developments around the globe and brought 
economic prosperity that has attracted and influenced people to migrate from rural to urban areas. 
However, the gradual increase in the proportion of people living in urban areas will influence a 
rapid building and infrastructure development works. The improper planning of development will 
subsequently lead to unsustainable process of urbanisation like ineffective land use, pollution and 
waste generation. Therefore, government participation is necessary to address the causes of rapid 
and unsustainable urbanisation. According to Marrero et al. (2016), it is important to assess the 
economic and environmental impacts of the urbanisation process to ensure a more sustainable 
development is applied. The world’s urban population is expected to surpass 6 billion by 2045, with 
cities in Asia and Africa registering the largest growth (United Nations, 2014). For developing 
countries, the growing urban population has become a catalyst for economic growth, making 
substantial impact, particularly in the construction industry. This is because the construction 
industry plays a vital role in fulfilling the basic demands of housing and infrastructure. This is 
evident through the rise of construction activities around the globe including Malaysia to fulfil those 
demands.   
 
In the fourth quarter of 2016, the construction industry in Malaysia contributed 8.1% of the 
country’s Gross Domestic Products (GDP) and provided employments to about 10% (1.4 million) 
of the total workforce in Malaysia (Department of Statistics, 2016). A significant contribution to the 
total GDP is due to the overwhelming value of construction works, which reached USD 7.5 billion 
in the fourth quarter of 2016. In addition, during the presentation of the 11
th
 Malaysia Plan (11MP) 
2016 - 2020, the Prime Minister of Malaysia allocated a budget of USD 62 billion, in which the 
main focus is to improve public transportation and rural infrastructure (Economic Planning Unit, 
2015a). From the presentation of 11MP, the construction industry is the ultimate beneficiary, in 
which there is an increment of 8.7% of budget allocation from the 10
th
 Malaysia Plan (10MP) 2011 
– 2015. The aspect of sustainability that has been emphasised in 11MP is its ability to protect the 
environment. This is evident through the introduction of the “Strategic Thrust 4: Pursuing Green 
Growth for Sustainability and Resilience”. Prior to this, the main regulating body for the Malaysian 
construction industry, which is the Construction Industry Development Board (CIDB), launched the 
Construction Industry Transformation Plan (CITP) 2016-2020, with the objective of empowering 
and strengthening the construction industry in Malaysia. CITP was developed based on four (4) 
strategic thrusts, which are quality, safety and professionalism, environmental sustainability, 
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productivity and internationalization. A reduction of irresponsible waste during the construction 
cycle is one of the elements included under environmental sustainability (CIDB, 2015). 
Construction wastes will create adverse impacts on environment, economy and society; these 
impacts will diminish the productivity level and thus the overall performance of the construction 
projects as well (Poon, Yu, Wong, et al., 2004). Nagapan. et al. (2012) further clarified that the 
construction wastes are produced either directly or unintentionally by the construction activities. 
Some of the wastes such as plasterboard are hazardous and could pollute the surrounding areas.  
 
Considering the increasing construction activities taking place in Malaysia, evaluating the amount 
of waste being generated and developing strategies to minimise waste are imperative to achieve a 
sustainable future. The increasing amount of wastes is not only a pressing issue in Malaysia but also 
in many countries that are suffering a similar scenario, due to rapid economic development and 
growing populations. For example, in India, 14.5 million tonnes of construction and demolition 
(C&D) wastes are being generated annually. This puts a lot of pressure on the already severely 
limited spaces at landfills; wastes disposals into landfills are a common practice for most of the 
construction actors (Pappu et al., 2007). Similarly, 26,000 tonnes of C&D wastes were generated 
daily in Malaysia (Zulzaha, 2014). The same scenarios occured in developed countries like the 
United States, where it was reported that 534 million tonnes of C&D wastes were generated in 2014 
(EPA, 2014). Furthermore, Kulatunga et al. (2006) stated that 40% of industrial wastes in the world 
come from the construction industry. The rapid growth of construction activities has resulted in 
pressurising the already over-stretched landfills, especially in urban areas (Bakshan et al., 2015). A 
number of authors asserted that the waste generation could bring negative impacts on the 
environment that includes flash floods, soil erosion and sedimentation (Z. Li et al., 2014; Low et al., 
2014; Udawatta et al., 2015). Additionally, construction industry is known as the large users of raw 
materials whereby the depletion of natural resources is a major concern where the need to maximise 
the resources has become integral as well as minimise the waste generation (Crawford, 2011). 
 
C&D wastes are constantly being generated throughout the construction cycle. For instance, Begum 
et al. (2007b) indicated that C&D wastes are generated even at the planning and design stages, due 
to lack of consideration in minimising wastes. Meanwhile, del Rio Merino et al. (2010) added that 
C&D waste is not only generated at the planning and design stage but also throughout the 
construction cycle, whereby the construction stage contributes to the largest portion of wastes when 
the construction activities are not efficiently managed. The inefficient waste management process 
has led to too much waste being directed to landfills, including the waste that could be recycled 
(European Commission, 2014). The increasing amount of waste has led to a significant change of 
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perception towards effective waste management, whereby a sustainable waste minimisation strategy 
needs to be pursued and adopted in order to control and reduce the amount of wastes dumped into 
landfills.      
 
The large volume of generated wastes is partly due to how the construction industry continues to 
encourage the linear-based practices of “take-make-consume-dispose”. In addition, the variety of 
organisations involved, including project developers, contractors, sub-contractors, consultants, 
general workers, government department staff, the general public and related non-governmental 
organisations (NGOs) in the construction industry, have made it difficult to ensure that waste 
management becomes a priority (H. Yuan, 2013). The organisations involved can be classified into 
two (2) groups; the profit-oriented group (project developers, contractors, sub-contractors, 
consultants, general workers); and the environment-oriented group (those who are concerned about 
the way the waste is being managed in order to protect the environment, i.e. government department 
staff, the general public, and related NGOs). The involvement of these diverse organisations plus 
the lack of awareness on conserving the resources has allowed the used product to be disposed of 
cheaply. A number of authors have agreed that the linear economy needs to be transformed towards 
a circular approach to achieve a sustainable future (Dajian, 2004; Yong Geng et al., 2012; IMSA, 
2013).  
 
Most of the previous studies reviewed, such as Coelho and de Brito (2011) and de Guzman Baez et 
al. (2012), have focused on waste minimisation strategies after the waste has been generated. There 
are also studies highlighting material control in reducing wastes (Enshassi, 1996; Ping et al., 2009). 
On the other hand, Abdullah et al. (2009) argued that the construction industry must evolve from 
the traditional wet construction methods to a more environmentally friendly, energy efficient and 
productive method of ‘Industrialised Building System’ (IBS). A similar study by Lachimpadi et al. 
(2012) reported that IBS can reduce the amount of waste dumped into landfills. The production of 
IBS components (e.g. wall, column, beams etc.) are made off-site; therefore, the construction 
activities related to wet construction on site can be reduced and indirectly improve the quality and 
productivity of construction. However, there are limited studies that have been carried out by 
focusing on waste minimisation throughout the construction cycle, from the inception stage to the 
demolition stage. Life cycle assessment (LCA) is one of the most common approaches used in 
addressing waste reduction throughout the construction cycle. Silvestre et al. (2014) emphasised the 
use of LCA in studying the environmental impact of wastes generated from building materials. 
They claimed that the reuse and recycle mechanisms could be improved by adopting the LCA 
method. However, the mechanism to reduce wastes has often been overlooked, despite the fact that 
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in order to prevent waste generation, the “reduce” mechanism is imperative; hence, considerations 
for waste prevention need to be taken as early as possible (i.e. prevention at the source). Meanwhile, 
Gangolells et al. (2014) described the importance of developing a waste management plan at the 
initial stage of the construction process. Waste management plans should be well-documented and 
distributed to all stakeholders involved throughout the construction cycle.  
 
The construction industry is crucially important in supporting the initiatives of the government to 
promote sustainable development. Therefore, in order to achieve sustainable development while 
reducing wastes, the adoption of a circular approach to waste management is paramount, thus, the 
existing practices need to be changed for the better (Crawford, 2011). This can be done by focusing 
more towards the circular approach in managing C&D wastes throughout the construction cycle 
while taking the perspective of turning waste into resources, as the main priority. A more efficient 
approach is required, as in this research, wherein the concept of Circular Economy (CE) is being 
studied as an approach for waste minimisation. Thomas et al. (2013) argued that the concept of CE 
is a prominent example to sustainably manage resources as well as minimise wastes; hence, this 
concept can be considered as a waste minimisation strategy, which can be incorporated throughout 
the construction cycle. This concept is an emerging green growth strategy that could be considered 
in managing C&D waste. The notion of CE endeavours to ensure that the waste can be 
resourcefully managed. The concept of CE is not only developed based on the 3R principles of 
‘reduce, reuse and recycle’, but the elements of Re-imagine and Re-design should be incorporated 
to maximise the resource efficiencies by reconsidering the processes and the designing-out of the 
wastes. Therefore, it has a great potential to be incorporated as an approach to minimise wastes. In 
this research, the suitability of CE as a waste minimisation strategy is applied in the context of the 
Malaysian construction industry.  
 
1.2 PROBLEM STATEMENT 
 
“As today’s consumer society has expanded, so has the consumption of resources and the waste it 
produces. Domestic waste, industrial waste… the population of the EU throws away 2.7 billion 
tonnes of it every year, of which 98 million tonnes are hazardous. The greatest waste stream comes 
from construction and demolition waste.” 
(European Commission, 2014) 
 
The above statement shows that C&D waste is not only a pressing issue in Malaysia; it is a major 
concern for European countries as well. For years, construction has been known as a significant 
Chapter 1 – Introduction 
6 | P a g e  
 
economic sector, which has provided an important catalyst to Malaysian economic development. 
Propelling the engine of growth, it will help Malaysia to realise its vision of becoming an 
industrialised nation by 2020. Directly and indirectly, Malaysia has immensely benefited from its 
construction sector in the form of economic and social developments. The main problem of the 
construction industry, especially in developing countries, is its dependency on labour-intensive 
methods, which could influence waste generation. Waste should be avoided at production level by 
applying a cleaner production process, thus minimising waste at the source.  
 
According to the European Commission (2014), the inefficient waste management process has led 
to too much waste being directed to landfill, including the waste that could be recycled. This is a 
concerning issue in developing countries like Malaysia, where waste management is not a priority, 
which could influence the effort of the government to promote sustainable cities. The amount of 
waste will keep increasing in line with the growing population around the world. Currently, 40% of 
industrial waste in the world comes from the construction industry (Kulatunga et al., 2006). Hence, 
a proper C&D waste management system is now no longer an option but a necessity. Incorrect 
handling of C&D waste will not only affect the environment; it will also become expensive to 
rectify without proper procedures. In Malaysia, there is a huge potential to develop a proper C&D 
waste management system, which if successfully developed, will bring a lot of goods to the 
construction industry such as cleaner and neater construction site, enhance the organisations’ image 
and preserve the environment. Additionally, the government of Malaysia would like to foster 
sustainable practices by ensuring all types of wastes, including C&D wastes, should be managed 
holistically. A life-cycle approach of waste minimisation should be given a priority and in fact, by 
January 2018, all contractors in Malaysia should comply with the waste management program listed 
under the “Environmental Management Systems ISO 14001” (Economic Planning Unit, 2015b).      
 
In addition, there are a number of issues that highlight the urgent need for C&D waste management 
systems. These issues are:- 
 The lack of an industry norm or performance standard for managing waste, causes 
uncertainty and confusion among operatives about the relative importance of waste 
management. 
(Yeheyis et al., 2013) 
 An effective material control strategy should be implemented to control wastage during the 
life cycle of the construction process. 
(Saheed O Ajayi et al., 2016; Esa et al., 2017) 
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 A proper method/strategy is in urgent demand to improve construction management in order 
to realise the mission of sustainable development. 
(El Haggar, 2010) 
 There is a lack of consideration given to waste reduction during the planning and design 
stage. A well-established model of waste minimisation strategy and the adoption of it will 
help significantly. 
(S. O. Ajayi et al., 2017) 
 A poor coordination of C&D waste management as too many agencies are working 
independently to address the issues related to the C&D wastes. 
(Economic Planning Unit, 2015a) 
 
An attempt to study a circular approach of waste management is lacking as Lu and Yuan (2011) 
further clarified the importance of developing a circular approach to managing the C&D waste 
throughout the construction cycle. Akhir et al. (2013) further described the four (4) stages that 
generate waste: planning, designing, construction and completion; the construction stage is the 
largest contributor of waste generation. Many researchers have commented on how waste 
generations from construction activities have substantial impacts on the environment (Begum et al., 
2007b; Zhengdao Li et al., 2014; Low et al., 2014; Udawatta et al., 2015), and a number of authors 
have agreed that the linear economy needs to be transformed towards a circular approach to achieve 
a sustainable future (Dajian, 2004; Yong Geng et al., 2012; IMSA, 2013). However, most of the 
studies present in the literature, such as Coelho and de Brito (2011) and de Guzman Baez et al. 
(2012), have focused on the waste minimisation strategies after the waste has been generated. There 
are also studies highlighting the importance of selecting suitable building materials in reducing 
wastes (Ping et al., 2009). Therefore, there is a need to develop a circular approach for C&D waste 
management that focuses on the whole life-cycle of the construction process. 
 
Given the various issues mentioned above, this research aims to investigate the development of a 
circularity-based planning approach for C&D waste management. The intention of this research is 
for a successful C&D waste management model to be developed by integrating a circular approach 
that focuses on minimising waste generation throughout the construction cycle.  
 
1.3 RESEARCH AIM AND RESEARCH OBJECTIVES 
 
Currently, there is no application of a holistic model of C&D waste management in Malaysia. 
Therefore, the overall aim of this research is to develop a holistic model for C&D waste 
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management using the concept of circular economy to enhance the waste minimisation. This 
aim is to be realised throughout the construction cycle including the planning, design, procurement, 
construction, and demolition stages. Based on this aim, the following list incorporates the defined 
research objectives:- 
1) To investigate the C&D waste generation throughout the construction cycle and its impact 
on environment; 
 
2) To investigate how construction actors manage the C&D waste generation throughout the 
construction cycle;  
 
3) To identify strategies of C&D waste minimisation that can be adopted throughout the 
construction cycle;  
 
4) To simulate the model of C&D waste management that has been developed. 
 
1.4 SIGNIFICANCE OF THE STUDY 
 
Currently, there is no specific model for C&D waste management in Malaysia that is specifically 
focusing on minimising the wastes throughout the construction cycle.  Furthermore, there is also no 
relevant agency that is responsible for controlling and monitoring the production of waste in any 
construction project in Malaysia. Therefore, the significance of this research is divided into three 
points:- 
1) To provide a comprehensive understanding to all parties involved in Malaysia, on the 
importance of handling C&D waste properly. This can be achieved by having a clear 
understanding of the types of waste regularly produced by construction projects. 
2) To increase the awareness in considering the integration of the 3R principles of ‘reduce, 
reuse and recycle’, re-imagine the common practices and re-design the waste in order to 
preserve the natural environment and at the same time, create a more sustainable C&D 
waste management approach. 
3) To develop better and strategic ways of handling C&D waste by developing a circularity-
based planning approach for managing the waste throughout the construction cycle. By 
having this planning, construction actors, especially contractors, will be helped to manage 
the waste properly and efficiently.  
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1.5 RESEARCH METHODOLOGY 
 
Mixed methods approaches, which are both qualitative and quantitative, were used for this 
research. An extensive literature review was carried out to understand the background as well as 
the issues, trends and gaps. Basically, it will cover the fundamental knowledge of the construction 
industry and its waste in Malaysia. The fundamental aspects of the circular economy were 
highlighted, including the definition, principles and key concept; the potential of a circular 
economy (CE) to operate as an approach to minimising wastes was also discussed. The 
information was collected from published works, conference proceedings, journals, newspaper 
articles, professional reports and official government reports. A preliminary list of variables and 
issues related to C&D waste management, as described in Chapters 2.5.2 and 2.5.3, are identified 
and used to develop a preliminary model of C&D waste management.   
 
Next, the primary data collection is divided into two (2) stages involving a Delphi method and 
distribution of questionnaires. Firstly, the Delphi method was used to seek input and validate the 
preliminary model of waste minimisation strategies from the selected experts’ panel including the 
contractors, developers, consultants and government agencies. Experts from different backgrounds 
are necessary, as their contributions are important in developing a circular approach of C&D 
waste management. The Delphi method adopted in this research consisted of three (3) rounds. The 
data obtained from Round 1 of the Delphi method will be analysed in the Statistical Package for 
Social Science (SPSS) using the Multiple Response Frequencies Analysis. In addition, an 
Analytical Hierarchy Process (AHP) is employed in Round 2 of the Delphi method. AHP, which 
was developed by Thomas L. Saaty in the 1970s, is a multi-criteria, multi-attribute and multi-
decision stakeholder decision analysis tool. It is suitable to be used as a decision-aiding tool to 
analyse complex decisions regarding the suitability of waste minimisation strategies to be adopted 
at different stages of the construction cycle. In the last round of the Delphi method, the experts are 
required to reconsider the result or give consensus to finalise the result. From this process, a new 
input regarding waste minimisation strategies was identified and the suitable waste management 
principles (reduce, reuse and recycle) were adopted at the different stages of the construction 
cycle. Then, a circularity-oriented model of C&D waste management was derived. The model can 
be further enhanced by the development of the questionnaires. 
 
In addition, a questionnaire was further designed and later distributed to the targeted respondents 
including contractors, consultants, developers and government agencies. This process was 
conducted in Malaysia over a period of three months. From this process, the data collected can 
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underpin the findings from the Delphi method and enhance the development of a C&D waste 
management model. This process and the identified key variables and parameters formed the basis 
for a system dynamic model, which can be used to run multiple simulations to help enhance 
possible optimal deployment of the developed model in real-life scenarios. Data gathered from the 
questionnaire was analysed using SPSS and an initial Causal-Loop Diagram (CLD) was produced 
as a starting point towards simulating the C&D waste management system.  
 
Finally, to ensure the effectiveness of the C&D waste management system and find ways to 
further improve it, a system dynamic modelling would be useful. The developed system dynamic 
model can quantitatively reflect C&D waste management processes involving feedback between 
each waste minimisation strategy and its interrelation. A system dynamic methodology was 
applied to simulate the model and any needed improvements could be identified to ensure the 
model is efficient and effective enough to be applied in real construction projects. By applying the 
data simulation process, the C&D waste management system could be finalised and applicable to 
any construction project. The flow of research process can be seen in Figure 1.1.  
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Figure 1.1: Flow of Research Process 
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1.6 STRUCTURE OF THESIS 
 
This thesis has been structured into eight chapters. The research was planned to circulate around 
four peer-reviewed articles that form a continuity of every chapter in this thesis. These chapters 
(Chapters 2, 5, 6 and 7) comply respectively to the research objectives that have been raised in 
Chapter 1. Meanwhile, in this chapter, an explanation is provided to give a better understanding of 
the flow of this thesis. A summary of the key elements in each chapter is shown below:- 
 
Chapter 1: Introduction 
This chapter discusses the background of the research, the problem that arises, research objectives, 
significance of the study and also gives a brief introduction to the research methodology. 
 
Chapter 2: Literature Review 
This chapter critically reviews the development of environmental management and the role of the 
construction industry in moving towards sustainability. The literature on C&D waste management 
was also reviewed to provide a clear perspective on the direction of this area by determining the 
gaps that could be further explored. The concept of CE was also discussed in this chapter, to study 
its potential as an approach to minimise waste generation. Based on the extensive literature review, 
a journal paper entitle “Developing Strategies for Managing Construction and Demolition Waste in 
Malaysia Based on the Concept of Circular Economy” was published in the Journal of Material 
Cycles and Waste Management. Some part of the manuscript was incorporated in this chapter 
especially on the developments of a preliminary model of C&D waste management based on the 
concept of CE.  
 
Chapter 3: Research Design 
This chapter presents the method used at different phases of the study in order to obtain sufficient 
information to achieve the research’s objectives and gain more knowledge on developing a holistic 
model of C&D waste management. Methods that have been used in this study were elaborated in 
greater detail in this chapter. 
 
Chapter 4: Data Analysis: A Combination of Delphi method and Analytical Hierarchy 
Process 
This chapter represents the outcome of the second manuscript, which is being developed to achieve 
the second research objectives. In this chapter, the preliminary model developed in Chapter 2.8 was 
validated to examine its suitability to be adopted in the Malaysian construction industry using a 
Chapter 1 – Introduction 
13 | P a g e  
 
combination of Delphi and Analytical Hierarchy Process (AHP). The feedback from the experts was 
obtained and finally, a circularity-oriented model of C&D waste management was introduced. The 
outcome of analysis is being transformed into a manuscript and is currently being reviewed in the 
Waste Management and Research.  
 
Chapter 5: Analysis of Questionnaire Data 
This chapter represents the outcome of the third manuscript, which is being developed to achieve 
the third research objectives. The manuscript was developed based on the distribution of 
questionnaires among the construction actors in Malaysia. This method was adopted to enhance the 
results in Chapter 4 and, at the same time, finalise the key variables to be included in the model of 
C&D waste management for a simulation purpose. A causal-loop diagram (CLD) was developed as 
an initial process to simulate the model of C&D waste management. This manuscript was 
successfully published in the Journal of Resources, Conservation and Recycling.  
 
Chapter 6: Circular Economy-Based Construction and Demolition (C&D) Wastes 
Management Using System Dynamic Modelling 
This chapter represents the outcome of the fourth manuscript, which is being developed to achieve 
the last research objectives. The developed model was simulated to imitate the real-case scenario in 
this study. Three policies have been suggested in this manuscript to reduce C&D waste generation 
in Malaysia. This manuscript has been submitted to the Waste Management journal and is currently 
being reviewed.  
 
Chapter 7: Discussion of Results 
This chapter concludes the main findings obtained from Chapter 4 to Chapter 6 in developing a 
holistic model for C&D waste management in Malaysia.  
 
Chapter 8: Conclusions and Recommendations 
This is the concluding chapter of this thesis. This chapter indicates the conclusion drawn from the 
research and also describes the implications of the research towards knowledge, methods and 
industrial. Future recommendations for the improvement of C&D waste management were also 
discussed in this chapter. 
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Chapter 2 – LITERATURE REVIEW 
2.1 INTRODUCTION 
 
This chapter presents the reviewing process of the existing literature pertaining the topic of this 
research. The existing body of knowledge has confirmed the importance of C&D waste 
management in the construction industry, especially in preserving the environment. This process 
provides an understanding of the issues on C&D waste management in both global and Malaysian 
scope. The concept of CE is also discussed to investigate the potential adoption of the concept an as 
approach to minimise waste generation throughout the construction cycle. 
 
Firstly, the mechanism in this chapter is to explore the need for developing a better C&D waste 
management by studying the existing research on environmental management, sustainable 
development and C&D waste management. This is followed by an overview of the current scenario 
of C&D waste management in the construction industry, including the issues and challenges, 
influencing factors and waste minimisation strategies. After that, the importance of engaging the 
concept of CE in waste management and the potential to this engagement are explored by studying 
the suitability of the CE concept as an approach in managing waste generation. Finally, a 
preliminary model is developed to evaluate the suitability of its application in the context of the 
Malaysian construction industry. 
 
The findings from the literature review help to identify the research gaps and form the basis of the 
research design in the following chapter. 
 
2.2 ENVIRONMENTAL MANAGEMENT 
 
All parties involved in the construction industry have been put under immense pressure to create 
more environmentally-friendly activities. According to L. Shen et al. (2004), the construction 
industry is deliberated as an industry that famously is known as non-environmentally friendly due 
to its high usage of environmental resources such as fossil fuels and minerals. At the same time, the 
construction industry can cause a depletion of natural resources like land, air, energy and water. A 
high amount of waste can be produced from the construction industry, including the generation of 
solid waste, which will end up being disposed of at the landfills; contributing negative impact to the 
living environment by polluting it with noise, dust, odours and chemical emissions. Therefore, 
environmental management has become an integral part in creating a more sustainable construction 
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industry. The effectiveness of environmental management will not only improve the overall 
environmental conditions of the construction industry, but it will also ensure that the processes 
involved throughout the construction cycle are well-planned and managed to mitigate the 
environmental impacts (Griffith & Watson, 2003).  
 
Nowadays, the environmental aspects of the construction industry should be visible to cater for the 
growing issues related to it, as less attention should be prioritised towards other aspects of the 
construction industry such as time, cost and quality (Abidin, 2016). It has become a necessity to 
mitigate adverse impacts of the construction industry on the environment, by establishing 
environmental management measures (Griffith & Watson, 2003). The construction industry 
involves many stages such as planning, designing, construction etc. that require human involvement 
throughout the cycles. One of the components of environmental management is managing the 
effects of human involvement on the environment. A better management of human involvement 
combined with a maximum utilisation of resources will achieve the objective of environmental 
management (Adjei, 2016). Adjei (2016) further describes that the major goal of environmental 
management is controlling the production of wastes and at the same time, efficiently managing the 
production of wastes. 
 
Environmental management is about the management of resources, which focuses on reducing the 
environmental degradation wisely and economically (Hale, 1995). It is closely related to the 
interaction between human involvement and the natural environment whereas the management of 
adverse effects created by the human activities is significantly under-controlled. In addition, 
Gotschol et al. (2014) added that the objective of environmental management is in line with the 
sustainable development direction to reduce the environmental impact by adopting more greener 
and cleaner construction activities. Adjei (2016) concluded that environmental management is an 
effort to protect the environment as well as conserve resources by identifying and mitigating the 
problems that could harm the environment.  
 
2.2.1 Construction vs Natural Environment 
 
It has been a tradition to isolate business and natural environment, where these two elements have 
been observed as operating independently (Batten et al., 2008). However, awareness on integrating 
these elements is getting greater emphasis due to the necessity of improving business performance 
to preserve the natural environment (Batten et al., 2008). Currently, the construction industry is 
becoming more serious about addressing the environmental impacts of its operations. This is due to 
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the rising problems of resource depletion, global warming, high pollution levels; and increase in 
legislation (Crawford, 2011; Teo & Loosemore, 2001). The environmental impacts of the 
construction industry include high energy consumption, solid waste generation, rises in greenhouse 
gas (GHG) emissions, pollution, environmental damages like soil erosion, sedimentation and flash 
floods, as well as the depletion of resources. These impacts affect the design, construction and 
operational phases of a project; hence, there are many researchers who assert how waste generation 
from construction activities has a substantial impact on the environment (Begum et al., 2007b; 
Zhengdao Li et al., 2014; Low et al., 2014; Udawatta et al., 2015).   
 
Environmental protection has gradually become a concern, as C&D waste is now considered as one 
of the main contributors to environmental degradation. In recent years, the construction industry has 
caused the depletion of natural resources in Malaysia and this is naturally followed by 
environmental degradation. In 1991, the former Malaysian Prime Minister, Tun Mahathir 
Mohamad, introduced Vision 2020, which marked the beginning of Malaysia’s striving to become a 
fully developed country by 2020, and one of the significant factors for achieving this vision is 
environmental protection.  
 
Waste disposal into landfills will indirectly jeopardise the environment, as C&D wastes vary in 
composition compared to other types of wastes. For instance, Eun et al. (2007) have identified C&D 
wastes in the form of gypsum drywall that produced hydrogen sulphide during waste 
decompositions in landfills. In addition, hydrogen sulphide gas produces a strong foul odour that 
could be a potential threat to the environment and health (Chou, 2003). However, due to the limited 
number of high-technology landfills like incinerators, hydrogen sulphide production is released 
from the surfaces of landfills into the air, creating a vulnerable environmental condition and 
affecting the communities living close to the landfill areas (Forastiere et al., 2011). He further added 
that there is a possibility that the polluted air might mix with water, thus resulting in more serious 
impacts such as groundwater quality problems, even when control mechanisms are deployed in 
many landfills to monitor and restrict leachate movements into groundwater.     
 
Considering the above-stated facts, there is a need to develop a proper management of C&D wastes, 
in which the wastes should be managed efficiently and sustainably and thus the implementation of 
suitable waste minimisation strategies should be encouraged. This should be implemented despite 
the fact that it is very difficult to completely eliminate waste generated from construction activities. 
Therefore, the reuse and recycle strategy can be considered as one of the recommendations for 
minimising wastes (Banias et al., 2011; Blengini, 2009; Coelho & de Brito, 2011; Tam, 2011). 
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Furthermore, Miyatake (1996) argued that there is a need to shift from linear construction processes 
to a cyclic process to ensure a substantial use of reused and recycled resources. However, a high 
level of dedication and determination is required from all construction actors to materialise this shift 
in the construction process paradigm (Esa. et al., 2015). 
 
2.2.2 Implications of Construction Industry on the Environment 
 
The construction industry involves many activities - both off-site and on-site - in which both 
activities will create severe impacts on the environment (Uher, 1999). Off-site activities include raw 
materials extraction and components production, feasibility studies, which consist of land 
acquisition, the design process, transporting the materials and components etc. Meanwhile, on-site 
activities are concerned with the translation of design into physical facilities; consequently creating 
pollution to the air and water and apparently generating a huge amount of C&D wastes. L.-Y. Shen 
and Tam (2002) further elaborated that the impacts of the construction industry not only occurred 
during the construction phase, but that the damages have appeared as early as the production of 
components through the manufacturing process, transportation usage; finally at the end the 
demolition process of the constructed products.  
 
A number of researchers have reported the implications of the construction industry on the 
environment including resources depletion especially timber, consumption of resources resulting in 
air, water and noise pollutions and the generation of wastes that have put pressure on the existing 
landfills (Forastiere et al., 2011; Griffith & Watson, 2003; Low et al., 2014; L.-Y. Shen & Tam, 
2002; L. Shen et al., 2004; Udawatta et al., 2015). Therefore, the implications of the construction 
industry can be summarised into three; namely natural resources, contamination and waste 
generation. 
 
The construction industry plays a significant part in depleting the natural resources due to a high 
demand for infrastructure and building development across the world. Renewable and non-
renewable resources are the two categories in the context of natural resources. These resources 
include the consumption of minerals, water, timber and land, making the construction industry one 
of the least sustainable industries in the world (Ruuska & Häkkinen, 2014). Natural resources have 
long suffered to fulfil the human need to improve the quality of life and standard of living. Effective 
measures must be carried out to conserve the environment and indirectly protect the eco-systems.  
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Furthermore, on-site construction activities have significantly contributed to contamination (Griffith 
& Watson, 2003). As noted by Griffith and Watson (2003), it is imperative to classify the types of 
contamination to understand the paradigm as such; a proper management could be derived to 
control the level of contamination, which can be classified as follows:- 
 At the ground; 
 At the water level; 
 Air through dirt, dust, emissions and odours; 
 Noise level; and 
 Eco-system by diminishing the plants and wildlife habitats. 
 
Finally, the most concerning issue regarding the construction industry is the generation of wastes. 
Not all wastes can be reused or recycled, as some of the wastes are hazardous, in which case 
disposal at landfills is the only option. With the capacity of landfills reducing, the construction 
industry has to explore innovative approaches to managing these wastes, in which the mitigation of 
environmental effects should become a primary agenda. For example, the government should most 
definitely create a guideline or solution for a better waste management system. An encouragement 
towards the use of eco-friendly products should be considered as one of the options to conserve the 
environment. Besides that, more recycling programmes should be initiated to create awareness 
among the construction players. The mindset of those involved in the construction industry should 
be shifted by considering the element of ‘turning waste into wealth” as a stepping point towards a 
more environmentally-friendly development (Thomas et al., 2013; Witjes & Lozano, 2016).  
 
2.2.3 Environmental Management Regulations 
 
The construction industry should consider the management of the environment from three different 
aspects, namely at regulatory level, at the organisation level and within the working culture of 
organisations (Griffith et al., 2014). The key aspects of environmental management are:- 
1) Environmental Impact Assessment (EIA) 
Before commencing any construction projects, a study on the impacts on the environment 
should be carried out to identify, predict, evaluate and provide information on any possible 
occurrence of environmental effects. In addition, mitigation actions on how to overcome those 
effects should be detailed out. EIA is essential to foresee and address the potential 
environmental effects as early as possible, where costly faults could be avoided during the 
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construction projects’ execution. In Malaysia, since 1988, EIA has been made compulsory by 
the Department of Environment to obtain an approval of any new development projects.  
2) Environmental Management System (EMS) 
Organisations could integrate EMS into their system to formally enhance the implementation of 
environmental management. EMS could help the organisations to systematically mitigate and 
manage their environmental responsibilities, by which this will offer value for the environment, 
increase the reputation of the organisations and give a good example to interested parties. The 
International Organisation for Standardization (ISO) is a renowned international body that 
recognises the efforts of organisations to enhance their environmental management. ISO 14001 
is the standard for EMS that assists the organisations to achieve an effective environmental 
management. By implementing the EMS, the organisations could:- 
 Reduce environmental responsibilities; 
 Maximise the efficiency of resources; 
 Minimise waste generation; 
 Establish a good image; 
 Create awareness of the importance of managing the environment among their workers; 
 Obtain a clear understanding of the environmental impacts of construction activities; and 
 Increase their profit through productive activities.  
3) Environmental Management Plan (EMP) 
The EMP is the translation of EMS into the working environment of construction projects. The 
EMP is a structured plan of environmental management that should be adopted on-site, in 
construction projects. The EMP involves management measures and ways of working to 
control the environmental impacts of construction projects. An essential requirement of EMP is 
that it must be easy to access by relevant personnel, easy to understand, easy to implement, 
used consistently and kept up-to-date. The EMP can be prepared during the procurement stage 
and developed on a project-to-project basis. The EMP should include:- 
 Details of the project; 
 Organisation chart; 
 Contact person/s 
 Environmental policy; 
 Predicted environmental impacts; 
 Method statement; 
 Progress works; and be 
 Accessible to relevant training.  
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2.3 SUSTAINABLE DEVELOPMENT 
2.3.1 Sustainable Construction 
 
The term construction is basically confusing, as various definitions can be found in the current 
literature. The best way to define construction is as a process that embraces a wide range of 
integrated organisations that construct, alter and repair buildings and civil engineering structures. In 
the last few years, the term sustainable has become an agenda for most of the developing countries, 
including Malaysia. The term sustainable is also a highly complex theory, which has narrow and 
broad interpretations. Putting these two terms together to become sustainable construction has 
further added confusion, as it is difficult to clearly interpret the idea of sustainable into the 
construction industry. Previously, green building was the famous term used to reflect the idea of 
sustainable construction.  
 
Kibert (1994) was the first person to put forward the definition of sustainable construction by 
defining it as the creation and responsible management of a healthy environment, based on resource 
efficiency and ecological principles. Moreover, during the early introduction of sustainable 
construction, the definitions had practically exclusive emphasis on the environmental aspect. 
Nowadays, the definitions have been broadened to not only emphasising the element of 
environment, but also to cover the social and economic aspects. It must be understood that 
sustainable construction includes the pursuit of economic prosperity and environmental protection 
simultaneously, in which the natural resources should be used sensibly while protecting the 
environment and social obligations that identify the requirements for everyone. Figure 2.1 illustrates 
the three (3) main elements of sustainable construction that are interdependent to create sustainable 
construction. Even though the sustainability covered these three elements, only environmental 
aspects is being studied in this research with the focus is given on reducing the C&D waste 
generation.  
 
Figure 2.1: Sustainable Construction 
Environmental  
Protection 
Economic 
Prosperity 
Social 
Well-Being 
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McLellan and Corder (2012) believe that it is a challenging task to incorporate the element of 
sustainability in particular industries that are involved in extreme processing conditions, such as 
mining, agricultural, manufacturing and the construction industries. Sustainable construction 
underlines the process to fulfil the current needs without compromising the needs of future 
generations. The features of sustainable construction acknowledge the conservation of energy, 
water and natural resources by re-use, recycling, innovative design and waste minimisation and 
pollution aspects. Additionally, the following four (4) characteristics, which have to be delivered in 
order to accomplish the purpose of sustainable construction, are:- 
 Improve the quality of life and provide social satisfaction; 
 Offer flexibility to accommodate future changes; 
 Provide environmental protection; and 
 Fully utilise resources. 
 
In Malaysia, the Construction Industry Development Board (CIDB), an organisation set up to 
support and reform the Malaysian construction industry, has always taken positive actions to 
address the issue of sustainable construction and assist in its adoption. Besides CIDB, other 
organisations that spearhead the effort of promoting sustainable construction include the National 
Institution of Valuation, Malaysia (INSPEN), the Malaysian Science and Technology Information 
Centre (MASTIC) and local universities. To accomplish the purpose of sustainable construction, the 
Board of Architects (Malaysia) in collaboration with the Association of Consulting Engineers 
Malaysia (ACEM), has launched a rating scheme known as Green Building Index (GBI) (Abidin, 
2010). The concept of the GBI is similar to the world-renowned rating scheme such as Leadership 
in Energy and Environmental Design (LEED), Building Research Establishment Environmental 
Assessment Methodology (BREEAM), Green Mark and Green Star with the purpose of 
acknowledging the organisation’s effort to adopt sustainable construction. The GBI will provide a 
guide to the organisations to achieve sustainable construction by fulfilling certain criteria including 
waste management in order to gain higher points. The GBI has been introduced and widely used in 
Malaysia since 2009. This driven initiative aims to promote sustainability and raise awareness in the 
construction industry about the importance of environmental protection. The GBI rating scheme 
was developed based on six (6) key elements, which are:- 
 Energy efficiency; 
 Indoor environment quality; 
 Sustainable site planning;  
 Material and resources;  
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 Water efficiency; and  
 Innovation. 
 
The construction industry is crucial in supporting the initiatives of the government to promote 
sustainable development. In order to achieve sustainable development, the construction industry 
itself has to be sustainable; there must be a balance between the economic, social and environmental 
dimensions. The economic dimension embraces the platform to increase the level of 
competitiveness and profitability. The social dimension includes the strategy to produce end-
products that could satisfy the users as well as the relevant stakeholders. Finally, the environmental 
aspects should be prioritised by seriously considering a maximum protection of natural resources as 
well as the reduction of gas emissions and waste minimisation.  
 
Thus, the Malaysian construction industry is headed in the right direction for attaining a better 
future. Despite many efforts from the government and supporting agencies such as CIDB, there is a 
loophole in minimising waste generated from construction activities. Although there is point 
allocation in GBI, the way to gain points (e.g., waste minimisation strategy) is lacking. There is no 
specific policy, model or guidelines that focus on the way the C&D waste is being managed in 
Malaysia.  
 
2.3.2 Sustainability Assessment Tools 
 
The role of the construction industry in sustainable development is imperative and many 
sustainability assessment tools including BREEAM, LEED and Green Star have been widely used 
to promote more environmentally-friendly construction processes. Table 2.1 illustrates the 
comparison of the selected assessment tools. Even though there are differences in the assessment 
criteria, environmental protection is the main priority and the importance of waste management has 
also been considered in each tool.  
 
Table 2.1: Comparison of Selected Assessment Tools 
Assessment Tools Year Country Assessment Criteria 
BREEAM 1990 UK Management 
      Health and Wellbeing 
      Energy 
      Transport 
      Water 
      Materials 
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      Waste 
      Land Use and Ecology 
      Pollution 
      Innovation 
LEED 1996 USA Location and Transportation 
    
 
Sustainable Sites 
    
 
Water Efficiency 
    
 
Energy and Atmosphere 
    
 
Materials and Resources 
    
 
Indoor Environment Quality 
    
 
Innovation 
Green Star 2003 Australia Management 
      Indoor Environment Quality 
      Energy 
      Transport 
      Water 
      Materials 
      Land Use and Ecology 
      Emissions 
      Innovation 
Green Mark 2005 Singapore Energy Efficiency 
      Water Efficiency 
      Environmental Protection 
      Indoor Environment Quality 
      Other Green Features 
GBI 2009 Malaysia Energy Efficiency 
      Indoor Environment Quality 
      Sustainable Site Planning and Management 
      Materials and Resources 
      Water Efficiency 
      Innovation 
 
Furthermore, the rating score will be different, depending on the number of criteria met; a higher 
score includes more sustainable approaches in the construction process. Table 2.2 insinuates the 
differences in awarding certification to the construction actors who are using the assessment tools in 
construction projects.  
 
Table 2.2: Level of Certification 
Assessment Tools Level of Certification Score 
BREEAM Outstanding ≥ 85 
  Excellent ≥ 70 
  Very Good ≥ 55 
  Good ≥ 45 
  Pass ≥ 30 
  Unclassified ˂ 30 
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LEED Platinum ≥ 80 
  Gold 60-79 
  Silver 50-59 
  Certified 40-49 
Green Star World Leadership 6 Star 
  Australian Excellence 5 Star 
  Best Practice 4 Star 
  Good Practice 3 Star 
  Average Practice 2 Star 
  Minimum Practice 1 Star 
Green Mark Green Mark Platinum 90 and above 
  Green Mark GoldPlus  85 to ˂ 90 
  Green Mark Gold 75 to ˂ 85 
  Green Mark Certified 50 to ˂ 75 
GBI Platinum ≥ 86 
  Gold 76 to 85 
  Silver 66 to 75 
  Certified 50 to 65 
 
2.3.2.1 Building Research Establishment Environmental Assessment Methodology (BREEAM) 
 
BREEAM was introduced in 1990 by the Building Research Establishment (BRE), UK. BREEAM 
is the leading assessment tool that prioritises the importance of protecting the environment. 
BREEAM has been widely recognised as a comprehensive tool to measure the environmental 
performance and at the same time, has been used as a benchmark for other countries to produce 
their own assessment tools to assess the sustainable elements in the construction processes.    
 
There are ten (10) assessment criteria considered in BREEAM, as shown in Table 2.1. In the 
context of C&D waste management, BREEAM is the only assessment tool that specifically includes 
the category of waste as one of the assessment criteria. Each assessment criteria has been given a 
specific weightage and credits in order to finalise the rating and level of classification of the 
assessed projects. Table 2.3 describes the weightage and credits for each assessment criteria. 
 
Table 2.3: Weightage and Credits for Assessment Criteria 
Assessment Criteria Credits Weightage 
Management 22 12% 
Health and Wellbeing 10 15% 
Energy 30 19% 
Transport 9 8% 
Water 9 6% 
Materials 12 12.50% 
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Waste 7 7.50% 
Land Use and Ecology 10 10% 
Pollution 13 10% 
TOTAL 122 100% 
Innovation (Additional) 10 10% 
 
As shown in Table 2.3, a total of 7 credits have been allocated for waste criteria. The waste criterion 
is divided into four (4) categories as summarised in Table 2.4. 
 
Table 2.4: Summary of Waste Criteria 
Category Descriptions Credits 
Construction Waste 
Management 
Effective management is required to ensure the reduction of construction waste as 
well as promotion of resource efficiency.   
  Construction waste efficiency 3 
  Diversion from landfill 1 
Recycled 
Aggregates 
Encourage the use of recycled aggregates, thereby minimising the demand for virgin 
material and maximising material efficiency.  
1 
Operational Waste Design team must demonstrate a design with the provision of waste management 
facilities; for example segregation and storage of operational buildings has been 
provided. 
1 
Speculative Floor 
and Ceiling 
Finishes 
Selection of floor and ceiling finishes should be done by the building occupants to 
prevent unnecessary waste of materials.  1 
 
BREEAM addresses the significance of minimising C&D wastes in order to reduce the 
environmental impact. By adopting BREEAM as an assessment tool, it would help the clients and 
designers to provide an environmentally-friendly design that supports the idea of sustainable 
construction. In conclusion, BREEAM sets the “reduce” mechanism as the main priority to 
minimise waste.  
 
2.2.2.2 Leadership in Energy and Environmental Design (LEED) 
 
In 1996, the United States Green Building Council (USGBC) developed the first version of LEED. 
Since its introduction, LEED has been revised regularly, the latest being the fourth version, which 
was introduced in 2014. LEED is very flexible and can be applied to all types of projects. The new 
version of LEED has been enhanced and has become more specialised and bolder to achieve high-
performance green buildings. Points have been allocated to each assessment criterion; no weighting 
has been used in LEED.  
 
As shown in Table 2.1, LEED includes seven (7) assessment criteria and each criterion has been 
sub-divided into a smaller category. There are categories under the criterion, which is a prerequisite, 
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such as construction activity pollution prevention under the sustainable sites criteria. The element 
of waste management has been included in the material and resources criteria. Construction and 
demolition and waste management planning is compulsory under LEED with the objective of 
reducing the amount of waste being disposed into landfill or incineration by considering the usage 
of recovering, reusing and recycling materials. The construction actors need to consider the 
following requirements:- 
 Establish and apply a construction and demolition waste management plan; 
 Develop a target for diversion purposes by determining at least five (5) materials to be 
diverted; 
 Predict the approximate percentage of waste that is being generated from the selected 
materials; 
 Indicate whether the project will adopt an on-site or off-site sorting technique and describe 
the planned strategy for diversion purposes; 
 Specify where the generated waste will be sent and how the recycling facility will process 
the material; and 
 Produce a final report describing the flow of all waste streams as well as including the 
disposal and diversion rates. 
 
Furthermore, LEED provides a good platform for minimising wastes by considering “reduce and 
recycle” mechanisms. Reduce and recycle mechanisms have been clearly stated in LEED as an 
option to obtain points provided in this criteria. The options are:- 
1. Option 1 (Diversion – 1-2 points) 
 Divert 50% and three (3) material streams (1 point) 
OR 
 Divert 75% and four (4) material streams (2 points) 
 
2. Option 2 (Reduction of Total Waste – 2 points) 
 Generate less than 12.2 kilograms of waste per square meter of the building’s floor 
area. 
 
2.3.2.3 Green Star 
 
Green Star is an internationally acknowledged sustainability assessment tool, which was developed 
by the Green Building Council of Australia in 2003. Nine (9) assessment criteria have been 
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included in Green Star, as shown in Table 2.1. Green Star is completely different from other 
assessment tools, as it allocates “stars” in the level of qualification; buildings assessed using the 
Green Star Performance rating tool can achieve a Green Star rating from 1 – 6 Stars. However, to 
finalise the projects deserving “stars”, points are allocated in each assessment criteria, as shown in 
Table 2.5. 
 
Table 2.5: Green Star Points for Assessment Criteria 
Assessment Criteria Points 
Management 14 
Indoor Environment Quality 17 
Energy 22 
Transport 10 
Water 12 
Materials 14 
Land Use and Ecology 6 
Emissions 5 
Innovation 10 
TOTAL 110 
 
As for C&D waste management, Green Star is similar to LEED in including it under the materials 
criteria. Out of 14 points allocated for the materials criteria, only one (1) point has been allocated 
for C&D waste. Green Star is addressing the “reuse and recycle” mechanisms in minimising the 
amount of waste going to landfill. Even though the point allocated is just one point, Green Star 
emphasises the significance of adopting a life-cycle assessment model to reduce the environmental 
impacts of the project.  
 
2.3.2.4 Green Mark 
 
In January 2005, the Building and Construction Authority (BCA) of Singapore launched a 
sustainability tool known as the BCA Green Mark Scheme. The scheme is one of the initiatives to 
promote sustainable development as well as to create environmental awareness throughout the 
construction industry in Singapore. The scheme has been developed with a view to provide a 
comprehensive guideline for evaluating the environmental performance of any new and existing 
buildings. The assessment criterion covers the following areas:- 
 Energy Efficiency; 
 Water Efficiency; 
 Environmental Protection; 
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 Indoor Environmental Quality; and 
 Other Green Features and Innovation. 
 
The element of C&D waste management has been classified in the criterion of environmental 
protection. Points have been allocated differently for environmental protection, depending on the 
type of projects. For example, non-residential buildings are allocated 42 points while residential 
buildings are allocated 41 points. The scheme encourages the adoption of recycling materials 
especially for cements and aggregates. In addition, an effective, environmentally friendly plan, such 
as a waste minimisation strategy, needs to be considered by setting a target on how much waste 
could be reduced, or how much diversion rate could be produced at the end of the projects.  
 
2.3.2.5 Green Building Index (GBI) 
 
The GBI has been jointly developed by the Board of Architects Malaysia and the Association of 
Consulting Engineers Malaysia (ACEM) and was officially launched in 2009. The GBI is an effort 
to raise the awareness of sustainability and create a more sustainable future. The GBI is Malaysia’s 
first comprehensive assessment tool for evaluating the environmental design and performance of 
Malaysian buildings based on the six (6) main criteria of Energy Efficiency, Indoor Environment 
Quality, Sustainable Site Planning & Management, Materials & Resources, Water Efficiency and 
Innovation. There are two categories of the GBI in Malaysia which are GBI for Residential New 
Construction (RNC) and GBI for Non-Residential New Construction (NRNC); both categories are 
using the same assessment criteria, but the allocation of points for each criterion is different (Table 
2.6).   
 
Table 2.6: Points for Assessment Criteria 
Assessment Criteria 
Points 
RNC NRNC 
Energy Efficiency 23 35 
Indoor Environment Quality 12 21 
Sustainable Site Planning & Management 37 16 
Materials & Resources 10 11 
Water Efficiency 12 10 
Innovation 6 7 
TOTAL 100 100 
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The element of C&D waste management has been included in the criterion of Materials & 
Resources by emphasising the reuse and recycle strategies. The contribution of points in the criteria 
of Materials & Resources can been summarised in Table 2.7. 
 
Table 2.7: Contribution of Points for Materials & Resources 
 
 
 
 
 
 
 
 
 
By including the reuse and recycle strategies in the GBI, it shows that the regulator in the Malaysian 
construction industry, such as the Construction Industry Development Board (CIDB), is serious 
about effectively reducing and managing wastes. Although the allocation of points is relatively 
small for the purpose of C&D waste management, it is an impetus to protect the environment by 
encouraging a more sustainable construction process in Malaysia.  
 
2.3.3 Summary of Sustainability Assessment Tools 
 
As stated in the previous sub-chapter, the element of C&D waste management has been considered 
in all the selected sustainability assessment tools. LEED is the only assessment tool that makes it 
compulsory for C&D waste management. Recycling is the most opted-for strategy in the 
sustainability assessment tools to minimise waste. Reduce and reuse strategies are also being 
considered as waste minimisation strategies, even though the future implementation of those 
strategies can be expanded. Waste minimisation is not only about recycling; the reduce and reuse 
mechanisms should be considered to be as equally important as the recycling mechanism.  
 
The main objective of every sustainability assessment tools is to implement a more sustainable 
construction projects that covered the aspects of economic, social and environment. Therefore, 
waste management is only a part of these assessment tools; it is not even a priority in each of them. 
However, the inclusion of waste management criteria in these assessment tools was highly regarded 
and it shows that the management of waste is importance in achieving the sustainability agenda. 
Assessment Criteria Points 
Materials & Resources RNC NRNC 
Reuse and Selection of Materials 2 2 
Recycled Content Materials 1 2 
Regional Materials 1 1 
Sustainable Timber 2 1 
Storage & Collection of Recyclables 2 1 
Construction Waste Management 2 2 
Refrigerants & Cleaning Agents 0 2 
TOTAL 10 11 
Chapter 2 – Literature Review 
 
31 | P a g e  
 
Thus, a holistic waste management model is still required to provide a platform to the construction 
actors to manage the waste efficiently and effectively. 
 
Table 2.8 summarises the waste minimisation strategies that have been emphasised in each of the 
sustainability assessment tools.  
 
Table 2.8: Summary of Waste Minimisation Strategies 
Sustainability Assessment Tools 
 
Waste Minimisation Strategies  
Reduce Reuse Recycle 
BREEAM √   √ 
LEED √   √ 
Green Star   √ √ 
Green Mark √   √ 
GBI   √ √ 
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2.4 CONSTRUCTION AND DEMOLITION (C&D) WASTE 
2.4.1 Definition of Construction and Demolition (C&D) Waste 
 
C&D waste is the waste generated throughout all the construction cycle. Skoyles and Skoyles 
(1987) define this waste as a material “which needed to be transported elsewhere from the 
construction site or used on the site itself other than the intended specific purpose of the project due 
to damage, excess or non-use or which cannot be used due to non-compliance with the 
specifications, or which is a by-product of the construction process”. Ekanayake and Ofori (2000) 
further classified C&D waste into three categories: material, workforce and machinery; material is 
the most critical category of waste generation.  In addition, Poon (2007) defines C&D waste as a 
combination of inert and non-inert materials. The inert materials comprise of soft inert materials 
such as soil, earth, and slurry, and hard inert materials as rocks and broken concrete. The non-inert 
materials include waste such as metals, timber, plastics and packaging waste. Nagapan, Rahman, 
and Asmi (2012) have divided C&D waste into two groups: physical and non-physical forms of 
waste. For example, physical forms of waste are concrete, timber, steel and packaging while non-
physical wastes are cost overruns and time delays. Wastes generated from construction activities are 
in fact not only about the materials, but the inefficiencies in the use of equipment, labour and 
money could also contribute to waste generation in the forms of non-physical wastes. Cost overruns 
due to design errors and over-ordering could happen in any construction projects. Meanwhile, time 
delays due to shortage of materials and faulty equipment on site also could contribute to the non-
physical generation of wastes.  
 
The U. S. EPA (2012) defined C&D waste materials to be consisted of debris generated during the 
construction, renovation, and demolition of buildings, roads, bridges and all other works related to 
civil engineering. C&D waste materials often contain bulky, heavy materials that include concrete, 
wood, asphalt (from roads and roofing shingles), gypsum (the main component of drywall), metals, 
bricks, glass, plastics, polyvinylchloride (PVC), trees, stumps, earth, and rock from clearing sites. 
Normally, C&D waste might contain hazardous material that may affect humans and the 
environment. The common hazardous wastes include paints, solvents, adhesives, caulks, pesticides, 
wood preservatives, oil, or stored materials (such as solvents or pesticides) that have exceeded their 
shelf life. Other common examples of hazardous C&D wastes are asbestos, polychlorinated 
biphenyls (PCBs) and heavy metals that can be released during the demolition or renovation of 
existing structures (U. S. EPA, 2012). 
 
Chapter 2 – Literature Review 
 
33 | P a g e  
 
Several reasons such as damage, over ordering, design and management faults influence the waste 
generation by creating a difference on the values of materials delivered on-site and used 
appropriately according to specification (De Silva & Vithana, 2008). Different authors have agreed 
that waste can be generated throughout the construction life-cycle including planning, designing, 
procurement, transportation and on-site management processes (Ekanayake & Ofori, 2000; 
Kulatunga et al., 2006; Osmani et al., 2008). According to Kofoworola and Gheewala (2009), waste 
that is being generated from construction processes is often disposed into landfill. 
 
Furthermore, according to Ferguson (1995), C&D waste can be defined as a product or material that 
is no longer part of the construction cycle or chain of utility. This unwanted product or materials are 
produced from construction activities such as buildings, infrastructure works, demolition works and 
road maintenance. Similarly, the Environment Protection and Heritage Council (EPHC) (2010) 
defined C&D waste as the waste that is produced from construction activities including building 
and demolition works, road and railway works and maintenance, as well as excavation of land. 
However, according to the European Commission (2016), some European countries applied the 
definition of C&D waste differently, whereas some countries did not include the waste generated 
from the excavation of land under the category of C&D waste. Meanwhile in 2007, Malaysia has 
gazetted a policy on solid waste management through the endorsement of Act 672, Solid Waste 
Management and Public Cleansing Act (Ministry of Housing and Local Government, 2007). The 
policy was introduced to ensure an effective waste management will be practised. However, the act 
is limited to the housing scheme and areas under the jurisdiction of Ministry of Housing and Local 
Government. Even though the act did clarify construction solid waste as part of controlled solid 
waste, but the whole scope of minimising the C&D waste is not fully cover (Nagapan & Asmi, 
2012). Therefore, Solid Waste and Public Cleansing Management Corporation (SWCorp), Malaysia 
has come out with the new guidelines that are specifically focused on the management of C&D 
waste. In the guidelines, the C&D waste is defined as any wastes produced by the construction and 
demolition activities including development and renovation works (SWCorp, 2015). SWCorp 
(2015) further classified the C&D wastes that could be generated from the construction activities 
(see Table 2.9). 
 
Table 2.9: Example of C&D Wastes Generation from the Construction Activities 
Type of 
Development 
Construction 
Activities 
Examples of Construction 
Works 
Examples of C&D Wastes 
Generated 
Renovation Site Management  Deconstruction of building 
components 
Soil, rocks, woods, window and 
door frames. 
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 Excavation works 
Demolition  Wall demolition works Concrete, bricks, ceramic tiles, 
timbers, steels and gypsum  
Main Structure 
Works 
 Concreting works 
 Bricklaying works 
 Installation of reinforcement 
bars 
Concrete, bricks, steels, packaging, 
plastic and papers. 
Interior and Exterior 
Decoration Works 
 Painting works 
 Installation of plaster ceilings 
 Tiles installation 
Plastic, paper, painting barrels, 
tiles, timbers, steels, packaging, 
gypsum, rubber, PVC and glass. 
Site Cleaning  Site cleaning works Waste residuals, wastes from 
cleaning works including trees, 
lands etc. 
New Buildings Site Management  Site clearance Soil, rock and woods 
Foundations Works  Excavation and reclamation 
works. 
Soil, mud and rocks 
Sub-structure Works  Piling works 
 Ground beam construction 
Concrete, cement, bricks, 
formwork and steels 
Main Structure 
Works 
 Concreting works 
 Bricklaying works 
 Installation of reinforcement 
bars 
Concrete, bricks, timber, steels and 
packaging 
Interior and Exterior 
Decoration Works 
 Painting works 
 Installation of plaster ceilings 
 Tiles installation 
Plastic, paper, painting barrels, 
tiles, timbers, steels, packaging, 
gypsum, rubber, PVC and glass. 
Site Cleaning  Site cleaning works Waste residuals, wastes from 
cleaning works including trees, 
lands etc. 
Demolition Site Management  Deconstruction of building 
components 
 Excavation works 
Soil, rocks, woods, window and 
door frames. 
Demolition  Wall demolition works Mixed bricks, tiles, timbers, steels, 
gypsum, plastic, paper, rubber, 
PVC, electronics waste, hazardous 
wastes, glass 
Site Cleaning  Site cleaning works Waste residuals, wastes from 
cleaning works including trees, 
lands etc. 
Infrastructure Site Management  Site clearance Soil, rock and woods. 
Foundations Works  Excavation and reclamation Soil, mud and rocks. 
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works. 
Structural Works  Concreting works 
 Installation of reinforcement 
bars 
Concrete, timbers, steels, 
packaging. 
Site Cleaning  Site cleaning works Waste residuals. 
Source: SWCorp (2015) 
 
2.4.2 Hierarchy of Construction and Demolition (C&D) Waste Management 
 
There are various waste management strategies that have been developed to manage C&D wastes as 
the rates of economic development and consumption increase over time, and which confront the 
public with increasing amounts of wastes. Hence, it is evident that there’s an urgent need to develop 
measures to control the amount of generated wastes and the ways in which the wastes are disposed 
(Lu & Yuan, 2011). This is especially true for solid wastes, which contribute to one of the biggest 
environmental issues globally (L. Shen et al., 2004). According to Lu and Yuan (2011), different 
views on C&D waste management indicate the different waste management philosophies. For 
instance, in Japan, C&D wastes are viewed as a by-product of construction rather than waste itself. 
Hence, a lot of efforts are made to reuse or recycle C&D wastes. Nevertheless, some researchers 
have stated that C&D wastes should include non-value-added work in construction. For instance, 
Bossink (1996) asserted that building material wastes are difficult to recycle because of the high 
levels of contamination and the large degree of heterogeneity, while according to Peng et al. (1997), 
different types of wastes should be managed properly and differently. Each type of waste should be 
managed according to suitable waste prevention mechanisms. This can be done by following a 
waste management hierarchy. The hierarchy states that wastes should be treated according to the 
suitability of the waste to be reduced, reused and recycled before the last mechanism, which is 
waste disposal into landfill. In addition, Wolsink (2010) enhanced the hierarchy by adding one more 
step, which is known as “avoiding the production of waste”. Figure 2.2 illustrates the waste 
management hierarchy as proposed by Peng et al. (1997) and enhanced by Wolsink (2010). 
However, according to Esty and Winston (2006), the 3R principle is a traditional priority in 
environmental thinking, whereas before considering the element of reduce, re-imagine and re-
design should be explored to ensure the process and design will be more innovative. Nowadays, the 
3R principles of ‘reduce, reuse and recycle’ are not enough to mitigate the environmental impacts 
of waste generation. Figure 2.3 illustrates the waste management hierarchy, which gives great 
emphasis to environmental management. 
 
Chapter 2 – Literature Review 
 
36 | P a g e  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Waste Management Hierarchy 
Source: Peng et al. (1997); Wolsink (2010)   
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Strategic Hierarchy of Environmental Management 
Source: Esty and Winston (2006) 
 
The common strategies used in waste minimisation are ‘reduce, reuse and recycle’ (3R) (Lu & 
Yuan, 2011). However, there are authors who have identified the feasibility of C&D waste 
management economically, especially if much attention is given to increasing the rate of reuse 
and recycle strategies (Begum et al., 2006; Yahya & Halim Boussabaine, 2006). Several authors 
identified the reuse and recycle strategies as the popular mechanisms of waste minimisation 
(Banias et al., 2011; Blengini, 2009; Coelho & de Brito, 2011; Tam, 2011). In addition, there are 
studies that indirectly encourage the incorporation of the reduce strategy, such as introducing the 
charging scheme and shifting the mindset and attitudes of the top management and workers towards 
better waste management (Begum et al., 2007a; Kulatunga et al., 2006; Lu & Yuan, 2011; Tam 
& Tam, 2008; Teo & Loosemore, 2001; Yu et al., 2013). 
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Confronted by the pressing problem of managing C&D waste, sustainable construction will 
evolve away from the traditional construction industry practices. The labour-intensive method, 
which is commonly applied in most of the developing countries, including Malaysia, would 
encourage more waste to be generated from construction activities. Waste management is a 
critical issue with a variety of consequences for those involved in the construction industry and 
society in general. Sustainable construction is an opportunity for the industry to adopt more 
environmentally-friendly methods of construction, which directly minimise waste. H. Yuan 
(2013) indicated that the variety of organisations that are involved in the construction industry, 
including project developers, contractors, sub-contractors, consultants, general workers, 
government department staff, the general public, and related non-governmental organisations 
(NGOs), have made it difficult to ensure that waste management becomes a priority. The 
organisations involved can be arranged into two (2) groups; the profit-oriented group (project 
developers, contractors, sub-contractors, consultants, general workers) and the environment-
oriented group, those concerned about the way the waste is being managed in order to protect the 
environment (government department staff, the general public, and related NGOs). 
 
Waste can be controlled by introducing preventive measures and avoidance mechanisms to the 
construction team. For example, Tam et al. (2007) clarified that the method used in Hong Kong is a 
good example of activities and processes that generate waste, which can be avoided, or at least, 
controlled. A regular meeting among the construction team, where communicating and discussing 
the importance of preventive mechanisms of C&D waste can be orchestrated, is also a good practice 
to prevent the production of C&D waste (Zhao & Chua, 2003). Furthermore, Osmani et al. (2008) 
and Peng et al. (1997) agreed that whatever method used in managing the C&D waste, the most 
important element is controlling the production of C&D waste. However, waste will still be 
generated for a few reasons; not all waste can be avoided or prevented and lack of monitoring also 
influences the production of waste. 
 
Disposing of waste into landfill is a common practice in most of the developing countries, including 
Malaysia. As mentioned in Chapter 0, C&D waste will definitely create adverse effects on the 
environment, society and economy, and disposing of that waste into landfills will create adverse 
effects. Lu and Yuan (2011) identified the 3R principles (Reduce, Reuse and Recycle) as the 
common practice used to minimise waste, which are in line with the principles of the circular 
economy. It is important to manage waste circularly, which means that waste minimisation should 
start at the planning stage (e.g. selection of materials) in the context of the construction industry. 
Instead of disposing of the waste into landfills, early planning and selection of the most suitable 
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materials would help in promoting the recycling mechanism. The idea of “turning waste into 
wealth” should be implemented as early as the planning stage of a construction project.  
 
2.4.2.1 Re-imagine and Re-design 
 
There is agreement that poor design has created substantial impact towards waste generation, as an 
architect plays a decisive role in reducing the wastes (Bossink, 1996; Ekanayake & Ofori, 2000; 
Faniran & Caban, 1998; Innes, 2004; Osmani et al., 2008). In order to reduce the waste generation 
at the design stage, the architect should become a key player in considering “re-imagine” and “re-
design” elements by putting a priority on designing for the environment.    
 
New priority should be given to re-designing what they basically do and how they basically do it, 
and before that the process involved in the construction cycle should be re-imagined to ensure the 
end-products will be more along the lines of an eco-environmental friendly design (Esty & 
Winston, 2006). 
 
In accomplishing the elements of “re-imagine” and “re-design”, the ideas of integrating the 
“design charrette” may strengthen the importance of reducing the waste generation as early as 
possible. The term “charrette” is a French words means pushcart. It was established at the end of 
nineteenth century by the Architectural Faculty of the Ecole des Beaux-Arts (Condon, 2012; 
Roggema, 2014). A pushcart was used to collect the works created by the students within the time 
allocated for jury evaluation, as if the students miss the pushcart; it meant an automatic zero grades. 
The term “charrette” has evolved as it has been referred to any intensive planning sessions in 
which involving many stakeholders to overcome the design problem (Walker & Seymour, 2008).  A 
collaborative session will enhance the possibility to strengthen the positive outcome of design that 
is focusing on the ideas of reducing the waste generation at the design stage.  
 
2.4.2.2 Reduce Strategy 
 
The “reduce” strategy is the best approach in managing wastes. According to Esin and Cosgun 
(2007), the waste reduction strategy could minimise the C&D waste generation effectively and 
efficiently, especially in mitigating environmental issues. It minimises wastes at the source before 
they become a much bigger problem. The reduce strategy could be adopted as early as the planning 
stage and continuously incorporated to reduce waste generation at every stage of the construction 
cycle. The implementation of the reduce strategy should involve every stakeholder at each stage of 
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the construction cycle – to ensure the waste can be effectively and sustainably reduced. Before the 
reduce strategy can be adopted, it is important to identify the influencing factors in waste 
generation, as many studies have categorised the factors into several groups including the designs, 
material handling, weather, poor planning and the condition of the site (Ekanayake & Ofori, 2000; 
Kulatunga et al., 2006; Osmani et al., 2008). 
 
There have also been studies that have identified materials management as having a key role in 
successful waste reduction (Skoyles & Skoyles, 1987; Urio & Brent, 2006). They have claimed that 
the selection of materials is very important in reducing waste, especially in residential projects 
where unnecessary wastes are generated. For instance, the owner of the house may decorate and 
change the original construction materials after the house has been completed, thus BREEAM has 
identified the problem and tries to overcome it by giving the building occupants the privilege of 
selecting preferable floor and ceiling finishes. This can prevent unnecessary wastage of materials. 
Meanwhile, Kibert and Chini (2000) have identified four (4) key elements in implementing the 
reduce strategy during the construction process. They are:- 
1. Resource Optimization 
 Rethinking design 
2. Source Reduction 
 Accurately estimating and ordering materials 
3. Reduce Packaging 
 Reverse distribution to suppliers 
4. Prevention 
 Implementing efficient and material saving construction techniques. 
 
The main obstacles in the implementation of the reduce strategy happen when the construction 
actors fail to coordinate and cooperate, and there is misunderstanding among the stakeholders that 
the reduce strategy is similar to the recycle strategy. It is crucial to create an awareness on the 
implementation of the reduce strategy in the construction cycle to minimise waste generation, 
therefore, construction actors will benefit from the cost reduction in transporting the wastes to 
landfills. By considering the worldwide growth of waste generation, use of the reduce strategy 
should become the priority in construction industry. 
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2.4.2.3 Reuse Strategy 
 
C&D wastes are very difficult to eliminate totally. Even though there are efforts made to reduce 
waste generation at the planning stage, waste is still being generated during the construction stage. 
This type of waste can be classified as unavoidable waste. Therefore, the reuse strategy should be 
considered in order to divert the wastes from being dumped into landfill.  
 
Reuse can be defined as using the material or components, such as timber formwork, more than 
once (Ling & Leo, 2000). They added that the materials or components can be used more than once 
for the same function as well. Duran et al. (2006) further described that there is a possibility to reuse 
the materials or components for a different function such as the portion of bricks and concrete for 
road base material. The reuse strategy is also applicable to demolition type wastes such as door 
frames, glass panels and concrete (Kibert & Chini, 2000), whereby, this type of waste can also be 
reused for the new construction projects to improve resource utilisation. 
 
2.4.2.4 Recycle Strategy 
 
Sreenivasan et al. (2012) describes the recycle strategy as a series of activities that include the 
collection of used, reused, or unused items that would otherwise be considered as wastes. These 
recyclable items are sorted and processed into raw materials or remanufactured into new products. 
The sorting of waste for recycling purposes could be done as an on-site or off-site waste 
management technique. However, numerous authors have identified on-site management 
techniques as a more simplified method in sorting out different types of wastes, compared to the 
off-site technique (Lu et al., 2011; Poon et al., 2001b; J. Y. Wang et al., 2008). According to 
Kibert and Chini (2000), there are three (3) ways of recycling wastes, which are as follows:- 
1. Upcycle 
 Create value-added products 
2. Recycle 
 Raw materials for the same or equivalent end-use 
3. Down cycle 
 Raw materials for lower value products 
 
To ensure successful recycling of wastes, government participation is necessary, in particular, to 
enhance awareness and create recycling programmes with both short and long-term objectives. The 
short-term programme requires a shift of the stakeholders’ mindset as well as increasing the access 
Chapter 2 – Literature Review 
 
41 | P a g e  
 
to recycling facilities. Insufficient amounts of materials and inappropriate locations of recycling 
facilities will fail the objectives of implementing the recycling strategy. Meanwhile, the increases in 
recycling rates, as well as in the diversion rate of wastes from going into landfills, are examples of 
the objectives for long-term programmes.  
 
In addition, the recycling of waste materials will ensure the full utilisation of resources and will also 
result in reducing the negative environmental impacts of the construction industry (Kartam et al., 
2004; Tam, 2008a). Consequently, improvements in recycling practices will bring positive 
outcomes, providing more job opportunities and generating economic benefits. Therefore, the 
construction industry should adhere to using recycled materials to achieve the sustainability goals 
set by the government. 
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2.5 SCENARIO OF CONSTRUCTION AND DEMOLITION (C&D) WASTE 
MANAGEMENT 
 
C&D waste management can be evaluated based on the regulations related to the disposal, 
generation, and collection of waste in certain areas. According to Kartam et al. (2004), the current 
practices of C&D waste management in certain areas need to be discovered and the potential 
problems to the environment, society and the economy need to be determined, in order to create an 
alternative solution to effectively and sustainably managing waste. Therefore, this research has 
studied the current status of C&D waste management in other countries, with a view to comparing 
the C&D waste management status in Malaysia. 
 
2.5.1 Construction and Demolition (C&D) Waste Management Strategies 
 
The amount of waste generated will increase if there is no effort given to adopt waste minimisation 
strategies during the design and planning stages. Currently, most of the construction actors are only 
concerned about the level of profitability, without consideration to the waste management 
component (Manowong, 2012). When there is a lack of attention given at the design and planning 
stages, waste generated during these stages will be hard to control and this will affect the cost and 
time required to manage the waste.  
 
The Site Waste Management Plan (SWMP) is gaining popularity as an important tool in helping 
contractors predict and record the amount and type of C&D waste as well as take suitable action to 
manage it. This plan could reduce the amount of waste that will be dumped into landfill by 
implementing the reuse, reduce and recycle methods. This is the only plan that focuses on the life-
cycle of the construction projects, starting from the planning stage to the post-construction stage. 
Among the countries that adopted SWMP, were the UK, United States and Australia. In the UK, 
SWMP was officially legislated in April 2008. Consequently, for every project worth £300,000 and 
above, it is compulsory to comply with SWMP. By introducing the SWMP into construction 
projects in the UK, it will help to reduce pressure on the overstretched landfill areas. As the Green 
Building Council, UK reported, the construction industry is the largest contributor of waste in the 
UK, with annual waste generation being about 120 million tonnes. In order to ensure that the 
construction actors in the UK comply with the SWMP regulations, the Building Research 
Establishment (UK) has developed an online tool, known as the SMARTwaste Plan (Hobbs et al., 
2011).  
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In line with the introduction of the National Waste Policy in Australia, the Queensland government 
launched a waste avoidance and resource productivity strategy from 2014 to 2024. Waste reduction 
has become a concern in Australia and as such, the Queensland government has led the way to 
become a national leader in reducing waste generation. EHP (2014) included a reduction in C&D 
waste as one of the targets to be achieved by 2024. In 2013, Queensland recorded 8.5 million tonnes 
of solid waste produced, in which 45% was recovered. From the 45%, 1.7 million tonnes were C&D 
wastes, but only 61% were recycled. Therefore, the Queensland government has set a target to 
increase the recycling rate to 80% in 2024 for C&D waste (EHP, 2014).  
 
Furthermore, Japan has introduced zero emission programmes through the implementation of a 
sustainable cyclic society. According to Kondo (2003), a sustainable cyclic society is a process to 
turn waste from construction activities into a new source that can be used for the next construction 
projects. Again, the recycling mechanism has been given a priority to avoid the waste being 
disposed of into landfill. Overstretched landfill areas have put pressure on certain countries to find 
an alternative way of avoiding the waste going into the landfills, such as giving consideration to the 
reuse and recycle strategies as well as adopting a more advanced construction technique that could 
minimise waste generation.  
 
Table 2.10 summarises the suitable minimisation strategies that can be adopted during the different 
stages of the construction process as suggested in the existent literature (Arif et al., 2012; Barlaz et 
al., 2003; Begum et al., 2007a; Gangolells et al., 2014; Huang et al., 2013; Lachimpadi et al., 2012; 
J. Li et al., 2013; Low et al., 2014; Ordoñez & Rahe, 2013; Poon, Yu, & Jaillon, 2004; Tam & Tam, 
2008; Urio & Brent, 2006; Yean Yng Ling & Song Anh Nguyen, 2013; Yu et al., 2013).   
 
Table 2.10: Summary of Waste Minimisation Strategies 
Authors Country Waste Minimisation Strategy Stages 
Gangolells et 
al. (2014) 
Spain  On-site sorting technique 
 Suitable plants such as mobile crusher available on 
site 
 Standardization 
 Teamwork among the stakeholders 
 Reusable elements by considering the future 
dismantling of components 
 Procurement 
 Construction/Demolition 
 
 Design & Planning 
 Design & Planning 
 Design & Planning 
Low et al. 
(2014) 
Singapore  Encourage the usage of eco-labelling products to 
support the idea of sustainable development. 
 Design & Planning 
Yean Yng Ling Vietnam  Employ sub-contractor with the ability to manage  Procurement 
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and Song Anh 
Nguyen (2013) 
the waste efficiently 
 Conduct training and allocate time for auditing 
 Close monitoring of the workers 
 Set target of allowable wastage 
 Give reward to those who effectively applied C&D 
waste management and provide deterrents for those 
who failed to apply C&D waste management 
 
 Design & Planning  
 Construction/Demolition 
 Design & Planning 
 Post-Construction  
Yu et al. (2013) Hong Kong  Construction Waste Disposal Charging Scheme 
(CWDCS), which is introduced to encourage the 
construction actors to consider the 3R principles 
before disposal.  
 Design & Planning 
Post-Construction 
J. Li et al. 
(2013) 
China  Adoption of C&D waste generation index to 
estimate the amount of waste 
 Procurement 
Ordoñez and 
Rahe (2013) 
Sweden  Improvement in collaborating and communicating 
among the stakeholders, especially the designers. 
 Design & Planning 
 Procurement 
 Construction 
Huang et al. 
(2013) 
Urio and Brent 
(2006) 
Poon, Yu, and 
Jaillon (2004) 
China 
 
Botswana 
 
Hong Kong 
 Proper material selection in which prioritization 
should be given to the materials that could prolong 
the conservation of raw materials and mitigate CO2 
emissions 
 Design & Planning 
Arif et al. 
(2012) 
India  Revised and enforced waste management-related 
laws 
 Avoid confusion among multiple contractors on the 
construction site to manage the wastes 
 Proper storage location for materials 
 Procurement 
 
 Construction 
 
 Construction 
Tam and Tam 
(2008) 
Hong Kong  Stepwise Incentive System (SIS), which is an award 
given to those who are producing lower waste 
levels 
 Design & Planning 
Barlaz et al. 
(2003) 
 United 
States 
 Pay-As-You-Throw (PAYT) scheme, which 
requires the construction actors to pay for the 
amount of waste that they are going to produce 
 Procurement/Construction 
 
2.5.2 Recent Studies on Construction and Demolition (C&D) Waste Management in 
Malaysia 
 
For the past 10 years, there were studies conducted that reflected on the situation of C&D wastes in 
Malaysia, but only a few of these have focused on the specific aspect of C&D wastes. For instance, 
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Begum et al. (2006) studied the potential in adopting the “reuse and recycle” strategies to manage 
wastes in institutional buildings in Bangi, Malaysia. Many researchers have also identified 
dependency on the labour-intensive methods as the main contributor of waste generation in 
Malaysia; and how this could result in a lower level of productivity and quality of construction 
works (Akhir et al., 2013; Begum et al., 2007b; Hassan et al., 2012; Nagapan, Rahman, Asmi, et al., 
2012). 
 
Lachimpadi et al. (2012) proved that a modern method of construction, which is famously known as 
the ‘Industrialised Building System’ (IBS) in Malaysia, could reduce the amount of waste sent to 
the landfills. However, there are still a lot of obstacles in ensuring the smoothness of the 
implementation of IBS in Malaysia. According to Kamar et al. (2009), among those obstacles are 
the levels of readiness, the lack of knowledge and awareness, financial difficulties and the negative 
perception among construction actors.  
 
Therefore, by enhancing the construction methods in the developed countries, waste generation can 
be minimised and a mechanism for waste reduction can be utilised to emphasise waste minimisation 
strategies. Developed countries focus on increasing the recycling rate, because it is currently 
difficult to completely eliminate wastes generated from construction activities. Therefore, Malaysia, 
as a developing country, needs to focus at the source to minimise waste. A better reduction strategy 
should be employed, by putting more effort into transitioning from the traditional construction 
methods to more modern construction methods. Modern construction methods is becoming vital in 
the construction industry globally as there is a desperate need to complete the construction works 
quickly and effectively, while maintaining the high level of quality of works. The definition of 
modern construction methods is vary, however it focuses around the application of off-site 
production of the components (e.g. beams, columns, walls); the components are being produced at 
the factory then delivered to the site for installation (Lachimpadi et al., 2012). According to 
Kozlovska et al. (2016), modern construction methods are about producing a better product and 
process which the aims of improving the business efficiency, customer satisfaction, quality and 
environmental performance. In Malaysian construction industry context, the modern construction 
method is being reflected with the term IBS as explained in Chapter 1.1. The increase on the levels 
of awareness for the implementation of sustainable construction in Malaysia has forced the industry 
to significantly change its construction industry practices. Therefore, one of the vital instruments in 
implementing sustainable construction is concentrated on developing proper management of C&D 
wastes. C&D wastes must be effectively managed, parallel to the practices of sustainable 
construction.  
Chapter 2 – Literature Review 
 
46 | P a g e  
 
The incremental level of awareness in implementing sustainable construction in Malaysia has 
forced the industry to change construction industry practices significantly. One of the vital 
instruments in implementing sustainable construction is concentrating on developing a proper 
management of C&D waste. C&D waste must be effectively managed in view of sustainable 
construction. There is still a lack of study on waste minimisation throughout the construction cycle 
in Malaysia, covering every aspect from the planning, designing, procurement, construction and 
demolition stages. Hence, a circular approach is required to ensure the control of wastes, starting 
from the planning stage of the construction, rather than emphasising on the end-of-pipe strategies 
where wastes are managed after they are generated. Table 2.11 summarises the studies that have 
been carried out over the past 10 years. 
 
Table 2.11: Studies on C&D Waste in Malaysia 
Findings Author 
Waste minimisation is economically feasible by adopting the reuse and recycle strategies in utilising 
wastes in an institutional building in Bangi, Malaysia. 
Begum et al. 
(2006) 
Contractors’ willingness to pay for an improved C&D waste management system. The maximum 
amount is different depending on the size of the contractors, with an average of MYR69.88/tonne.  
Begum et al. 
(2007a) 
Twelve (12) waste minimisation factors have been identified through an interview conducted among 
the contractors; mostly materials selection was the main factor that contributed to minimising waste. 
Begum et al. 
(2007b) 
Illegal dumping of C&D waste is the main problem in Ipoh, Malaysia, and a suggestion to overcome 
the problem including law enforcement, stringent legislation, improved facilities and increasing 
awareness has been addressed in this study. 
Mahayuddin et 
al. (2008) 
An overview of the issues related to the scenarios of C&D waste in Malaysia; the priority is given to 
materials control starting at the design stage in order to avoid excessive ordering of materials and to 
develop proper materials’ storage, which will improve profitability and working efficiencies.  
Ping et al. 
(2009) 
The main contribution of waste generation in the Northern Region of Malaysia is the conventional 
method of construction that leads to poor workmanship affecting the quality and productivity of 
construction works; a lack of knowledge is the main obstacle to the development of C&D waste 
management. 
Hassan et al. 
(2012) 
The Industrialised Building System (IBS) is the method that could reduce the amount of waste sent 
to landfills based on the comparative studies on waste minimisation in high-rise buildings using three 
(3) construction methods: conventional, IBS and mixed method (conventional + IBS).  
Lachimpadi et 
al. (2012) 
A review of the current status of C&D waste management in Malaysia and the results show that 
illegal dumping sites still exist, and disposing of waste into landfill is still the first option among the 
construction actors involved. 
Nagapan and 
Asmi (2012) 
The five (5) main causes of waste generation have been identified in the Central Region of 
Peninsular Malaysia using questionnaires. These are poor workmanship (management and 
supervision), lack of experience, poor planning and scheduling, fault in design and fault during the 
Nagapan, 
Rahman, Asmi, 
et al. (2012) 
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construction process.  
An extensive review has been carried out in identifying the influencing factors of waste generation; 
the construction phase is the main contributor due to poor planning and workmanship.  
Akhir et al. 
(2013) 
 
As we can see in Table 2.10 and Table 2.11, various waste management strategies have been 
suggested in the literature, however, limited studies were conducted in focusing on how the waste is 
being managed throughout the construction cycle. For example, many researchers have realised the 
importance of having waste minimisation strategies at the source, starting at the design and 
planning stage. Even though the waste is being managed at the source, it is necessary to include 
waste minimisation strategies at the procurement and construction and demolition stages as the 
occurrence of unavoidable waste could be generated at those stages. 
 
This summary is useful in guiding the authors to develop a preliminary model for C&D waste 
management using the circular economy concept. 
 
2.5.2.1 Issue and Challenges of Construction and Demolition (C&D) Waste Management in 
Malaysia 
 
There is a need to develop an effective C&D waste management in Malaysia. Beforehand, it is 
imperative to identify the issues and challenges faced by the Malaysian construction industry in 
building a better C&D waste management. Therefore, a systematic review has been carried out to 
determine the issues and challenges. In this section, the issues have been summarised and the 
challenges have been tabulated in Table 2.12 and Table 2.13 respectively. The identified issues 
have provided the current situation of C&D waste management in Malaysia. The amount of waste is 
increasing in Malaysia due to rapid infrastructure development, especially due to the high-level 
demand for housing and infrastructure projects as well as increasing population in urban areas. 
Urbanization has influenced waste generation and added pressure on the relevant bodies to ensure 
minimisation of waste in protecting the environment. Furthermore, the construction industry, if not 
properly managed, would cause significant environmental impacts. For example, the construction 
materials will generate carbon dioxide and other gas emissions from construction materials that 
significantly pollute the environment. An issue of illegal dumping is common in Malaysia, as 
shown in the study conducted by Mahayuddin et al. (2008) and Nagapan and Asmi (2012). 
Increasing amounts of waste and the limited availability of landfills have contributed to illegal 
dumping activities, which has become commonplace through irresponsible decisions made by the 
construction actors. Finally, skill development for better management is needed to implement C&D 
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waste management in Malaysia effectively. Many organisations are involved in the construction 
process and sometimes a lack of communication skills has led to confusion as to who should be 
responsible for managing wastes. 
 
In developing a more sustainable C&D waste management in Malaysia, three (3) key challenges 
have been identified; which are regulations, awareness and mindset, and lack of information. 
Government participation is vital in ensuring the implementation of C&D waste management by 
making modifications to the existing regulation. There is not only a challenge to ensure the 
regulation is always up-to-date with the current scenario and trends of C&D waste management, it 
also a challenge to ensure the construction actors is following the stated regulations. In this case, the 
government bodies such as local authorities need to monitor the implementation of the regulations. 
In the case of the construction industry in Malaysia, the Construction Industry Development Board 
(CIDB) should create training and courses in enhancing the awareness and knowledge about C&D 
waste management among the construction actors involved. Nonetheless, information (e.g. source 
of waste, waste composition, type of waste and amount of waste) regarding C&D wastes is lacking 
in Malaysia, but based on our review, it is not necessary to have all that information, as it has been 
proven that the construction industry has contributed to the high level of waste generation (Hossain 
et al., 2017; Won et al., 2016; Zezhou Wu et al., 2017).        
 
In conclusion, C&D waste management is vital for achieving a sustainable Malaysia’s future and 
this study provides an impetus to develop a more circular economy/systems approach to C&D waste 
management. The concept of CE is an emerging green growth strategy that could be considered in 
managing C&D wastes. The notion of CE endeavours to ensure that the waste that is being 
produced by the construction industry can be efficiently managed. Currently, there is no specific 
policy, model or guideline that is focused on the way the C&D waste is being managed in Malaysia. 
Therefore, Malaysia has to benchmark what’s happening in other Asian countries like Hong Kong 
and Japan, in line with the idea of sustainable construction. Rigorous and extensive efforts should 
be made to make sure that C&D waste in Malaysia is managed efficiently by looking at the 
possibility of introducing the concept of CE, which could lead to more sustainable and greener 
construction practices. 
 
Table 2.12: Summary of Issues Related to C&D Waste 
Sources Issues Description 
(Tam et al., 2014; 
Vossberg et al., 2014; 
Amount of Waste The increasing amount of waste has led to a significant change of 
perception towards managing wastes. Disposing waste in the landfill is 
Chapter 2 – Literature Review 
 
49 | P a g e  
 
Z. Wu et al., 2014; Yu 
et al., 2013; H. Yuan, 
2013) 
not a first option, thus more sustainable waste minimisation strategies 
need to be adopted. Rapid economic developments especially in 
developing countries as well as the growing populations globally, have 
led to a higher amount of waste and putting much pressure on already 
limited space at landfills.  
(Jones et al., 2012; 
Kucukvar et al., 2014; 
Laurent et al., 2014; 
Wilson et al., 2012; H. 
Yuan et al., 2012) 
Environmental 
Impact 
Environmental protection has become a worldwide issue as C&D 
waste is now considered as one of the contributors to environmental 
degradation. In recent years, the construction industry has depleted 
natural resources and this is naturally followed by environmental 
degradation. 
(Kofoworola & 
Gheewala, 2009; Tam 
et al., 2014) 
Illegal Dumping The distance of site location to landfill; the limited landfill in the area; 
and the high fees levied by the local authorities to dispose the waste at 
landfill have influenced the construction actors to dispose the waste 
illegally.  
(Begum et al., 2007a; 
Lachimpadi et al., 
2012; Manowong, 
2012; Osmani et al., 
2008) 
Management Implementing effective C&D waste management is difficult without 
the support of top management. Currently, construction cost and time 
are the priorities to most top managements whereby C&D waste 
management has become a secondary factor.  
 
Table 2.13: Summary of Challenges Related to C&D Waste  
Sources Challenges Description 
(Arif et al., 2012; 
Cochran & Townsend, 
2010; del Rio Merino 
et al., 2010; Lu & 
Yuan, 2011; Malia et 
al., 2013) 
Regulations An improved regulation needs to be introduced in order to enhance the 
development of C&D waste management. There is a need for 
intervention from the local authorities to ensure that waste generation 
is handled properly. Furthermore, the role of government is imperative 
in implementing the C&D waste management, for instance, the 
introduction of charging scheme in controlling waste going to the 
landfill.   
(Bleck & Wettberg, 
2012; J. C. Cheng & 
Ma, 2013; Coelho & 
de Brito, 2011; 
Sandberg & Bildsten, 
2011; H. Yuan, 2012) 
Awareness and 
Mindset 
Modern methods of construction are proven to be effective in reducing 
waste generation. The challenge is the complexity to create awareness 
and change the mindset of construction actors who are comfortable 
with the traditional linear, business-as-usual method. The availability 
of cheap foreign labour has thwarted the effort to apply a more modern 
method of construction in Malaysia.  
(Begum et al., 2006; 
Hiete et al., 2011; 
Llatas, 2011; Martinez 
Lage et al., 2010; 
Villeneuve et al., 
2009) 
Lack of Information A lot of information is required to implement C&D waste management 
including the source of waste, waste composition, type of waste and 
amount of waste. This information is essential to ensure the viability of 
the strategies to be implemented in waste minimisation. However, the 
related information is very difficult to produce, because it could be 
different depending on the type and size of the projects. 
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2.6 INFLUENCING FACTORS OF CONSTRUCTION AND DEMOLITION (C&D) 
WASTE GENERATION 
 
C&D waste generation is one of the major issues that need to be addressed in order to support the 
initiatives of the Malaysian Government in moving towards sustainable development. In order to 
control the issues related to C&D waste management, it is imperative to identify the influencing 
factors of waste generation throughout the construction cycle. Osmani et al. (2008) and Esin and 
Cosgun (2007) argue that each stage of the construction cycle (including planning, design, 
procurement, construction and demolition) contributes to waste generation as the waste 
minimisation strategy should not only be controlled at the construction stage. The earlier stages of 
the construction life-cycle also have a considerable contribution towards waste generation (Osmani 
et al., 2008).  
 
Gavilan and Bernold (1994) categorised waste generation into six (6) categories: design, 
procurement, handling of materials, operation, residual and others. Each category has the 
influencing factors of waste generation and Bossink (1996) used the outline developed by Gavilan 
and Bernold (1994) to enhance the influence factors of waste generation in the construction 
industry. Table 2.14 summarises the findings obtained from Bossink (1996).  
 
Table 2.14: Summary of influencing factors of waste generation 
Source Influencing Factors 
Design Errors in contract documents 
  Contract documents incomplete at commencement of construction 
 Changes in design 
 Choices about specifications of products 
 Choice of low quality products  
 Lack of attention paid to sizes of used products 
 Designer is not familiar with possibilities of different products 
 
Lack of influence of contractors and lack of knowledge about construction 
 
Procurement Ordering errors, over-ordering, under-ordering 
  Lack of possibilities to order small quantities 
  
Use of products that do not fit 
 
Materials Handling 
  
  
Damage during transportation to site/on site 
Inappropriate storage leading to damage or deterioration 
Unpacked supply 
 
Throwaway packaging 
 
Operation Error by tradesperson or labourer 
  Equipment malfunction 
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  Inclement weather 
  Accidents  
 Damage caused by subsequent trades 
 Use of incorrect material, requiring replacement 
 Method to lay the foundation 
 Required quantity of products unknown due to imperfect planning 
 
Information about types and sizes of products that will be used arrives too late to the contractors 
 
Residual Conversion waste from cutting uneconomical shapes 
  Off-cuts from cutting materials to length 
 Overmixing of materials for wet trades due to a lack of knowledge of requirements 
  Waste from application process 
  
Packaging 
 
Other Criminal waste due to damage or theft  
  Lack of on-site material control and waste management plan 
Source: (Bossink, 1996) 
 
Based on Table 2.14, C&D waste could be generated throughout the construction life-cycle. 
Furthermore, there is agreement that the design stage has a huge impact towards the waste 
generation (Bossink, 1996; Chandrakanthi et al., 2002; Ekanayake & Ofori, 2000; Faniran & Caban, 
1998). Therefore, it is important to ensure that waste is managed at the source and the architects 
should play a role in reducing waste generation at the design stage. A poor design could influence 
waste generation at the construction stage; frequent change in design is the main contributor of 
waste generation (Nagapan, Rahman, & Asmi, 2012). Developing countries like Malaysia are 
synonymous with the linear-based practices of “take-make-consume-dispose”, which have become 
a significant contributor towards waste generation. It is important for a country like Malaysia to 
start reducing waste at the source; the mechanisms to minimise waste generation should start at the 
planning and design stage. When waste minimisation has been emphasised at those stages, it is 
highly probable that the waste could be reduced at the construction stage. Then, the waste generated 
at the construction stage could be utilised by looking at the potential to either reuse or recycle the 
waste. Therefore, a more circular approach could be adopted to ensure full optimisation of the 
resources and at the same time protect the environment. 
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2.7 INTRODUCTION TO CIRCULAR ECONOMY 
 
History shows that the agenda of protecting the environment is not new, as demonstrated in the 
study done by Hunt and Franklin (1996). Life-cycle Assessment (LCA) has become a popular 
approach in emphasising the elements of sustainability, especially environmental aspects, by 
looking at the materials’ flow and how these materials impact the environment. Since then, a similar 
approach has been developed and introduced by many researchers including the concept of 
industrial ecology, closing the loop systems and material flow analysis. However, there is a lack of 
study done on incorporating the approaches in the construction industry, especially focusing on 
minimising C&D wastes. The concepts of life-cycle assessment, industrial ecology, closing the loop 
systems and material flow analysis have a common similarity, which is ensuring that a more 
circular approach be adopted in using the resources: efficient utilisation of the resources and having 
recycling in mind. The development of those concepts has one purpose: protecting the environment, 
which in turn leads to economic prosperity and societal satisfaction. By integrating the ‘reduce, 
reuse and recycle’ (3R’s) principles throughout the construction cycle, the possibility of minimising 
waste is high. Additionally, the elements of re-imagine and re-design will further improve the 
management of C&D wastes as these elements will complement the 3R principles.    
 
In addition, another concept that could be useful in protecting the environment is known as the 
Circular Economy (CE). The concept of a CE is not new because it was developed  in 1990 by two 
British environmental economists, Pearce and Turner. Lately, this concept has emerged as having 
overwhelming potential to achieve the sustainability agenda. The concept of CE, widely used in 
developed countries including the UK, Germany and Japan, is one of the notions that could be 
considered in developing C&D waste management in Malaysia. Although the concept was 
extensively used in developed countries, the implementation is necessary for developing countries 
because they also urgently need an alternative solution to overcome the resource depletion issues 
(Erkman, 2001; Yong Geng & Doberstein, 2008). China is the latest developing country that 
pursues the implementation of CE by making it a basic national policy (Zhijun & Nailing, 2007). 
 
2.7.1 Definition of the Circular Economy 
 
The CE was a concept introduced by Pearce and Turner in 1990, however, this concept was only 
adopted by Germany in 1996 when it became the first nation to legislate CE by implementing the 
“Closed Substance Cycle and Waste Management Act” (Su et al., 2013). Su et al. (2013) also added 
that the law introduced by the German Government mandated a compatible waste disposal system, 
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which focused more on the environmental aspects. Meanwhile, Japan is another country that has 
implemented the CE by legislating “The Basic Law for Establishing a Recycling-Based Society” in 
January 2002 (METI, 2004; Morioka et al., 2005). Both of these governments focus on 
environmental protection by encouraging their society to recycle. However, in the case of China, its 
government has applied a CE in order to prioritise economic development, instead of focusing just 
on environmental protection (Yong Geng & Doberstein, 2008; Y. Zhu & Zhu, 2007). In 2016, the 
Finnish government realised the immense benefits to be obtained from the CE and introduced a 
national CE roadmap, in which they estimated around three billion Euros would be generated as 
added value for Finland by 2030 (Egerton-Read, 2017).   
 
Yong Geng and Doberstein (2008) further described CE as utilising available resources according 
to life cycle principles. This includes promoting the maximum efficiency of resource utilisation, the 
adoption of recycling materials and energy efficiency, as well as converting wastes into resources. 
Resources should be managed sustainably based on the technological, political and social changes’ 
requirements; hence, the concept of CE is a prominent example to produce such changes (Thomas 
et al., 2013). Furthermore, according to Manomaivibool and Hong (2014), CE, which can also be 
referred to as the ‘resource circulation policy’, is a suitable strategy to ensure a resource-efficiency 
process in revamping the end-of-pipe policy. Furthermore, Bilitewski (2012) considered that CE is 
a transformation from the linear, traditional patterns of economic growth and production towards a 
circular system, thus, extending producers’ responsibility as a good example in revolutionising the 
traditional linear economy (Bilitewski, 2012; Manomaivibool & Hong, 2014).  
 
There are various definitions of CE that can be found in other literature on waste management. For 
example, Dajian (2004) defined CE as a concept that is parallel with the sustainable idea by 
considering the reduction of environmental impacts, and at the same time, providing maximum 
contributions of resources towards economic development and societal satisfaction. A number of 
authors also defined CE in the context of sustainable development that can bring economic benefits 
by mitigating environmental impacts at the source (Y. Geng et al., 2013; Shu-hua Ma et al., 2014). 
In addition, the circularity process of the model could also ecologically protect the environment. 
 
Most of the definitions of CE given in literature have pointed out the importance of shifting from 
the traditional linear methods to circular methods. Moreover, CE and close-loop systems have been 
stated to be interrelated, as both approaches focus on preserving the resources towards creating 
sustainable development. CE is thus an emerging notion that could be used to transform the linear-
based economy towards a circular approach, by maximising resources. CE is not only developed 
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based on the 3R principles of ‘reduce, reuse and recycle’, but also includes the elements of Re-
imagine and Re-design to maximise the resource efficiencies by reconsidering the processes and the 
designing-out of wastes. 
 
Dajian (2004) identified three stages needed to shift from a traditional linear system to a circular 
system in order to accomplish sustainable development; these stages are named “doing more with 
more "; "doing more with less"; and "doing less with less". Figure 2.4 describes the stages involved. 
 
 
 
 
 
 
 
 
 
Figure 2.4: Shifting of Paradigm towards CE 
Source: Adopted from Dajian (2004) 
 
2.7.2 Key Concepts of Circular Economy 
 
As an emerging prospect to support the natural environment, there is a rising interest in the adoption 
of the CE concept in protecting the environment. However, there is a lack of research on the 
integration of the CE concept into the construction industry. Cahalane (2014) explains that there is a 
need to integrate CE into the construction industry to ensure a reduction of waste generation and to 
create a sustainable future. CE can be successfully implemented at three different levels, i.e. micro, 
meso and macro levels (Yong Geng & Doberstein, 2008; Z. Yuan et al., 2006; D. J. Zhu & Huang, 
2005). Yong Geng and Doberstein (2008) stated that the CE will be successfully  implemented 
through “three-circles” approaches, while Z. Yuan et al. (2006) named it as a “three-layers” 
approach. The three different levels involved are: 
 Micro Focusing on the production area, this level requires the adoption of a cleaner 
production process and more eco-friendly design; 
 Meso Environmentally friendly design that encourages the introduction of a waste 
trading system; and 
 Macro A more advanced collaborative network among industries, which encourages 
the elements of Reuse, Reduce and Recycle. 
“Doing more with more” 
A traditional way of doing 
things that encourages over-
production and over-
consumption. It shows that 
traditional practices only 
consider the short-term 
benefits in maximising 
profitability.   
E.g. produce buildings with a 
traditional method of 
construction.  
“Doing more with less” 
Currently, this approach will 
improve the efficiencies of 
production and consumption. 
However, the resources will be 
utilised inefficiently to 
maintain a quality lifestyle. 
E.g. produce buildings with 
the combination of traditional 
and modern methods of 
construction.   
“Doing less with less” 
This approach is appropriate 
with the concept of CE 
whereby the over-consumption 
habits will be halted while 
sacrificing quality of life is 
necessary. 
E.g. produce buildings with 
modern methods of 
construction.   
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A number of authors also agree that the linear economy needs to be transformed into a CE to 
achieve a sustainable future (Dajian, 2004; Yong Geng et al., 2012; IMSA, 2013). Dajian (2004) 
and Sassi (2008) explained the need for the traditional economy to evolve by practicing a closed-
loop method that could utilise resources diligently, with all business models rethinking and 
reconsidering their impacts on the future and to predict what will happen to the next generation if 
the current ill practices continue; hence, the linear approach or the open-looped systems have 
become irrelevant in today’s world. This is due to the scarcity of resources; if the resources are not 
effectively used, an unsustainable environment will be created. In this case, CE is a reflection of 
introducing close-looped systems where the resources will be fully utilised in sustainable ways that 
put an extra premium on protecting the environment (Dajian, 2004). 
 
The transformation to circular systems will allow industries to use resources synergistically and 
symbiotically, producing waste residuals that can be potentially recycled into new products; hence, 
the traditional pattern of economy is irrelevant in producing a sustainable future. Man and Wenhu 
(2007) stated that a “resource – manufacture – waste” paradigm is unacceptable in today’s economy 
and needs to be revamped by introducing a more environment-friendly economy, which is “resource 
– manufacture – renewable resource”. This proves to be a challenging task, due to the size of the 
industry itself. The industry is large and related to many other industries (e.g. manufacturing 
industry) and many other organisations including contractors, architects, and engineers. Thus, the 
transformation of the construction industry needs to be done properly and sooner in order to avoid 
further contribution to environmental degradation. 
 
Bilitewski (2012) stated that there are five (5) aspects that need to be followed in developing an 
effective CE, which are:- 
 Waste and pollution prevention that focuses on moving towards cleaner production; 
 Enhancing the reuse and recycling strategies by increasing recycling rates through 
manufacturing more recycling-friendly materials; 
 Establishing new economic ideas on production such as introducing economic tools (e.g. as 
producer responsibility, tax and fee policies and tax deductions); 
 Expanding the knowledge of the society through introducing new ideas about consumption, 
reuse, recycling and wastes prevention; and 
 Developing and improving relevant legal systems to promote a CE. 
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In addition, Clark (2012) explains the need for an emerging, more resource-intelligent CE to move 
away from the unsustainable ‘extract-consume-dispose’ linear economy model. Resource depletion 
is a critical issue that will affect the economy of any country. Within this scenario, resources need 
to be managed efficiently to ensure that there is continuity in the utilisation of the available 
resources. In Malaysia, the introduction of a CE is complex, due to an abundance of natural 
resources, therefore, the idea of a CE should be considered in order for Malaysia to become a 
sustainable developed country. In this context, CE should start from the raw material extraction 
stage by applying a cleaner production process (Clark, 2012). Subsequently, more green and 
sustainable products will be produced and used extensively across all industries in Malaysia, 
including the construction industry.  
 
Initially, CE is being developed based on three foundations: Reduce, Reuse and Recycle. Nowadays, 
there is a push towards considering the integration of Re-imagine and Re-design in CE, as the 3R 
principles are insufficient in themselves in maximising the resource efficiencies and minimising the 
environmental impacts. This concept has emerged since it has an overwhelming potential in 
achieving the sustainability agenda. The concept of CE is widely used in developed countries 
including the UK, Germany and Japan; hence, CE is one of the notions that could be considered in 
improving C&D waste management, particularly in the developing countries. 
 
2.7.3 Recent Studies on the Circular Economy (CE) 
 
As mentioned earlier, there is no study which specifically emphasises utilising the concept of CE as 
an approach to minimising C&D waste. However, by employing the main principles of CE, Reduce, 
Reuse and Recycle, and looking at the possibility to incorporate the elements of Re-imagine and Re-
design, there is potential to use CE as an approach for waste minimisation. China is the leading 
country that puts much effort into promoting CE. According to J. F. Wang and Li (2006), China has 
pursued CE since 1992, which requires countless involvement and commitment especially by the 
policy makers in providing the route towards materialising the concept of CE in the country.  
 
Although the concept has been extensively used in developed countries, its implementation is 
necessary for developing countries to find an alternative solution to overcome the issues of resource 
depletion (Erkman, 2001; Yong Geng & Doberstein, 2008). The adoption of CE in the construction 
industry is encouraging, as the UK, Netherlands and Denmark are among the countries that have 
considered CE in their construction practices. It is obvious that the concept of CE is becoming a 
popular choice to fully maximise resources as well as minimise waste generation. 
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In conclusion, CE is a reliable concept to fully utilise resources and as such provides an opportunity 
to modernise the construction industry by encouraging regenerative and restorative design. It is a 
strategic concept that will use the resources up to the maximum level of efficiency, which could 
create economic growth and job opportunities. A better design and putting forward an idea of 
“turning the waste into wealth” would see improvement in resource productivity and quality. Table 
2.15 lists the recent studies that have been carried out in the general context of CE worldwide. 
 
Table 2.15: Recent Studies on CE 
Authors Description 
Z. Yuan et al. (2006) The theoretical aspects of CE were discussed and showed the seriousness of the 
government of China to implement CE. Though CE has a promising future, there are 
many issues to be solved such as those relating to regulations and policies. It is 
recognizable to adopt CE as a new development strategy in China in order to create a 
sustainable future.  
Sassi (2008) The practical adoption of a closed-loop material cycle (CLMC) to assess the circular 
approach of waste minimisation. CLMC has been found as technically feasible to design 
buildings associated with less waste and environmental impact.  
Mathews and Tan (2011) The development of CE in China has been discussed and the government’s participation 
was important in comprehending the implementation of CE. The process of CE 
implementation, including the initiatives from the government, creates awareness as well 
as preserves a law as an official national development goal. 
N. Li et al. (2013) CE has been established as a key strategy for China’s development plan and as such the 
study was conducted to determine the resource utilisation using material flow analysis 
from the year 2000 to 2010. In 2010, approximately 60% of solid waste was reutilised and 
as such China’s resource utilisation trends are increasing year by year. 
Tukker (2013) A review of the progression of Product Service Systems (PPS) as the most effective 
mechanisms for moving towards CE. PPS has gained much attention from researchers to 
find alternative mechanisms in utilising resources efficiently and at the same time 
promoting the concept of CE. 
Jiao and Boons (2014) A comprehensive literature review on industrial symbiosis (IS) through policy 
intervention. The evolution of IS was connected to the translation of CE in China. 
Shu-hua Ma et al. (2014) 
 
A case study was conducted in the context of CE implementation in the iron and steel 
study. The concept of CE was to successfully reduce the pollution generated by the iron 
and steel industry, however, further improvement is required to fully utilise the resources 
as it is essential to accomplish sustainable development in the iron and steel industry.  
Ma et al. (2015) A guideline was developed to decision-makers in the area of phosphorus chemicals to 
solve the problems of resource and ecological efficiency using the concept of CE. The 
results demonstrate dramatic increases in the aspects of economic benefit, resource 
efficiency, waste recycling rate, and eco-efficiency. 
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As shown in Table 2.15, there were many studies that used China as the main example in adopting 
the concept of CE. Thus, the implementation of CE as a C&D waste minimisation strategy is 
practically non-existent, except for the use of CLMC to minimise waste. The purpose of CLMC is 
similar to the concept of CE as a transformation from the linear approach towards a more circular 
approach to effectively minimise waste. Sassi (2008) further elaborated that CLMC is focusing on 
recovering of the building materials and components with the objective of recycling those materials 
and components through natural or industrial processes. The main characteristic of CLMC is to 
exploit opportunities of transforming waste into a low-value by products that can be used as raw 
materials for certain purposes of construction works.  
 
2.7.3 Adoption of Circular Economy (CE) in the Construction Industry 
 
The UK and the Netherlands are among the countries that have considered CE in their construction 
practices. For instance, CE has been used as a foundation to guide the construction actors across the 
UK to reduce waste generations and carbon emission; an approach known as Resource Efficient 
Construction has been established in the UK to encourage the construction actors to redesign 
wastes, develop products from efficient resources, minimise waste and maximise the re-use 
(WRAP, 2013). This approach has successfully led to divert 5 million tonnes of waste annually 
from going into landfills. Ellen MacArthur Foundation is one of the inspirational examples of 
organisation in the UK that synthesized the idea of CE as a framework to regenerate a positive 
future. In the context of CE, Ellen MacArthur Foundation (2015) has introduced a framework 
known as ReSOLVE. The ReSOLVE framework is there to assist businesses and countries in 
developing circular strategies. This framework consists of six (6) action areas, which are:- 
1) Regenerate Shifting towards renewable energy and materials; protecting the 
ecosystems; 
2) Share 
 
Sharing assets, encouragement towards reuse, design for durability by 
focusing on prolong the lifespan through effective maintenance system;  
3) Optimise 
 
Increasing the efficiency of products, removing unnecessary wastes 
throughout the supply chain; 
4) Loop Provide technology to remanufacture and recycle the products; 
5) Virtualise Dematerialise directly and indirectly; and 
6) Exchange Encourage innovative materials, apply new technologies.  
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A pilot study has been carried out in Denmark to seek the potential of integrating CE in the 
construction and real estate sector based on the ReSOLVE framework. Based on the framework, the 
level of prioritization (high, medium and low) of each area to be implemented in the construction 
and real estate is being studied. From the study, there are high possibilities to share, optimise and 
loop the construction process in Denmark.  
 
Furthermore, the Netherlands has also outlined the direction to accomplish the integrations of CE 
into the construction industry by unleashing a blueprint that designates the potentials of CE as a 
new economic approach that will create products for future generations. The International 
Management Search Association (IMSA) is an example of an organisation in the Netherlands that is 
very keen to support the implementation of CE with the aim of addressing resource scarcity and 
environmental impacts (IMSA, 2013).  
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2.8 A PRELIMINARY MODEL FOR WASTE MINIMISATION USING THE 
CIRCULAR ECONOMY (CE) CONCEPT 
 
In this section, a preliminary model based on the concept of CE for C&D waste management is 
proposed for the Malaysian construction industry. The model is developed based on the literature 
review presented in above. A systematic review is conducted which covered every aspects of C&D 
waste management such as the waste management hierarchy, waste management strategies and 
scenario of C&D waste management in Malaysia, before the model is tackled.  
 
2.8.1 The Development of a Preliminary Model Based on Circular Economy (CE) Concept 
 
In this sub-chapter, a preliminary model of waste minimisation using the concept of CE is proposed. 
To develop the model, key elements have been chosen in order to ensure the practicality in 
employing the model in real-life situations. First, the authors have decided to select five (5) 
common stages that are universally practiced in the construction industry; these stages are planning, 
designing, procurement, construction and demolition. Different stakeholders, who are involved at 
each stage, and their interactions in the stages are then identified, and the key principles of CE 
(reduce, reuse and recycle) are used as a strategy to minimise C&D wastes. To successfully adopt 
the concept of CE in waste minimisation, the three-layer approach of micro, meso and macro 
explained in the previous section is used (Yong Geng & Doberstein, 2008; Z. Yuan et al., 2006; D. 
J. Zhu & Huang, 2005). Previous studies have used this approach to comprehensively transform the 
economy of a country as whole by focusing at the individual firm, regional and national level (Yong 
Geng & Doberstein, 2008; Zhijun & Nailing, 2007; D. J. Zhu & Huang, 2005). However, in this 
research, the authors anticipated a smaller scope of study by focusing on utilising the CE as an 
approach to minimise wastes throughout the construction cycle. The preliminary model must be 
developed carefully as various stages in the construction cycle will be included accordingly at the 
three-layer approach. Finally, waste minimisation strategies will be included at each level of the 
model based on the literature obtained in Table 2.10. Figure 2.5 illustrates the proposed preliminary 
model of waste minimisation using CE. 
 
At the micro level, the authors were looking at the early stages of construction processes, 
specifically the planning and designing stage. The main stakeholders involved at these stages are 
basically the products’ designers and their clients, as well as contractors who can also be involved 
depending on the procurement method that is adopted by the project. By implementing waste 
minimisation strategies at this stage, where a lot of decisions have been made by the stakeholders 
Chapter 2 – Literature Review 
 
61 | P a g e  
 
involved, waste generation can be controlled. For example, the decision will be made on the type of 
construction methods to be used during the construction stage. Transforming the traditional 
construction methods is necessary to materialise waste reduction strategy at its source and IBS is a 
clear option for designers and clients in Malaysia. Its adoption into the management of C&D wastes 
can reduce waste generation. The production of IBS components (e.g. wall, column, beams) is made 
off-site; therefore, the construction activities related to wet construction on site can be reduced and 
indirectly the quality and productivity of the construction activities can be improved. According to 
Gangolells et al. (2014), standardization could reduce the wastage generated from cutting and 
modifying building elements. In Malaysia, Modular Coordination (MC) is a new dimensional 
system used in the drawing the building specifications and can be incorporated into IBS, resulting in 
the reduction and elimination of wastes or at least prevent the occurrence of wastage. MC is 
essentially based on the use of modules (basic module and multi-modules) and a reference system 
to define coordinating spaces and zones for building elements and for the components that form 
them (CIDB, 2003). Based on this, CIDB has enforced the implementation of MC in the Uniform 
Building By-Laws (UBBL) in 2004. MC complements the IBS implementation in facilitating 
greater productivity in the building industry through its ability to create discipline on the 
dimensional and spatial coordination of buildings and their components, thus allowing a more 
flexible and open industrial system to take shape. Meanwhile, giving awards such as the Stepwise 
Incentive System (SIS) and Construction Waste Disposal Charging Scheme (CWDCS) to 
construction actors, can be useful in reducing waste generation at the planning and designing stages. 
Furthermore, the selection of materials will also be decided in ensuring the suitability of the 
materials that will be used for the projects. Hence, selection of materials that can prolong the 
conservation of raw materials, and at the same time can mitigate CO2 emissions, should be 
prioritised (Huang et al., 2013). It is also important to consider the reusable elements by considering 
the future dismantling of the components (Gangolells et al., 2014). Low et al. (2014) also added the 
importance of introducing eco-labelling on products, which is parallel to the idea of sustainability. 
 
At the meso level, the transformation in the procurement method can be orchestrated in Malaysia, as 
described in Arif et al. (2012). Waste management-related laws need to be revised and enforced to 
ensure that the generation and management of wastes can be monitored and controlled. Currently, 
the existing standard form of contracts in Malaysia including the Public Work Department (PWD) 
Form 203 (Revision 1/2010), Persatuan Arkitek Malaysia (PAM) Contract 2006 and Construction 
Industry Development Board (CIDB) Contract for Building Works have not yet included any clause 
that specifically states the importance of having proper management of C&D wastes. On the other 
hand, the CIDB Contract for Building Works is the only contract that has indirectly emphasised the 
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elements of C&D waste management. This is shown through Clause 11 under this contract, which 
stated the importance of conserving the environment by complying with the Environmental Quality 
Act 1974. Therefore, the contractors should be obligated to this act to control the pollution that 
could harm the environment. This shows that the existing standard forms of contracts in Malaysia 
should be revised by putting more emphasis on the importance of proper C&D waste management 
and encouragement should be made to explore the opportunity of introducing green procurement in 
the Malaysian construction industry. Besides that, a variety of organisations will be involved in the 
construction cycle and this will possibly create confusion among the team members involved on 
who should be responsible in managing the wastes. Therefore, waste collectors could be assigned to 
ensure the flow of the waste collection process. Furthermore, the implementation of an on-site 
sorting technique for wastes can be useful for waste collectors when collecting the wastes and for 
them to take further appropriate actions such as sending the wastes to recycling facilities. The 
appointment of sub-contractors should also include the ability to manage the waste effectively in 
order to ensure the appointed sub-contractors are aware of the importance of efficient management 
of wastes (Yean Yng Ling & Song Anh Nguyen, 2013). Furthermore, developing an eco-industrial 
park can be a great option at the meso-level, as this idea is very helpful in achieving sustainable 
development by attempting to reduce waste and pollution. Eco-industrial parks are a new 
development trend in which shared resources and facilities are being encouraged among businesses. 
This is evident through the growing trend in the development of eco-industrial parks such as Setia 
Eco Park in Selangor and Frontier Industrial Park in Johor Bahru. 
 
Finally, at the macro level, attention should be given to managing wastes at the construction and 
demolition stages. Even though the waste reduction strategy has been accentuated at the micro 
level, the total elimination of wastes is still difficult and might be impossible, hence, it is very 
helpful if a certain target can be set on the reuse and recycling rates before commencing the process. 
Having a monitoring mechanism is important in controlling waste generation and at the same time, 
achieving the target set for the reuse and recycling rates. In addition, the workforces involved 
during the construction stages should also have the capability to work effectively to reduce waste 
generation; this is supported by Kulatunga et al. (2006), who identified the attitudes of the 
workforce as influencing the rate of waste generation. Having a monitoring mechanism is thus also 
important in controlling the attitudes and perceptions of workforces towards the minimisation of 
wastes. Collaboration and communication among the stakeholders are also areas that need to be 
improved (Ordoñez & Rahe, 2013). Moreover, regulation enhancement can also be useful to be 
considered at the construction and demolition stage, for instance, Pay-As-You-Throw (PAYT) is a 
good practice whereby the contractors need to pay for the amount of wastes they have produced 
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(Barlaz et al., 2003). Furthermore, an effective site management should be employed at the 
construction and demolition stage. For instance, a proper storage location will help to reduce the 
probability of waste generation at these stages. Meanwhile, when there are demolition works that 
need to be done, a suitable plant such as the mobile crusher should be used to ensure the demolished 
products have the possibility to be reused (Gangolells et al., 2014).  
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Figure 2.5: Preliminary model for waste minimisation using the concept of circular economy 
(Esa et al., 2016b) 
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2.9 IDENTIFYING THE RESEARCH GAPS  
 
The concept of CE is an emerging notion that has the potential to be utilised as a waste 
minimisation approach. This study aims to assess the potentials of incorporating the CE concept as 
an approach to minimise C&D wastes. Most of the studies stated in Table 2.10 and Table 2.11 has 
covered the waste minimisation strategies after the wastes have been generated. In this light, the 
construction industry is a large industry which involves several stages from planning until the 
completion of the projects. Thus, a waste management system should cover all aspects in the 
construction industry to ensure the objective of preserving the environment is achieved. A circular 
approach is required to manage the C&D wastes as supported by Lu and Yuan (2011).  
 
In recent years, there has been an increasing interest in finding a suitable solution to reduce C&D 
waste generation. Studies by Lachimpadi et al. (2012) and Zhengdao Li et al. (2014) have shown 
the importance of modernising construction methods to reduce the amount of waste generations. It 
has also been observed that the implementation of a modern method of construction such as 
prefabrication, Industrialised Building System (IBS) etc. will promote more standardised 
construction components of walls, floors, columns etc. and simplify the disassembly process for 
future renovation and demolition works (Gangolells et al., 2014; Khor & Udin, 2013). However, 
one of the main obstacles for the use of the modern construction methods is its high cost which, has 
thwarted its adoption, especially in developing countries (Esa et al., 2017). In addition, a number of 
authors have accentuated the issue on the influence of material management on C&D waste 
generation (Huang et al., 2013; Ping et al., 2009; Poon, Yu, Wong, et al., 2004). Material 
management also comprises of selecting the most suitable materials, estimating the right volume of 
materials and storing the materials at a proper place. In terms of materials storage, construction 
actors should integrate effective site management to ensure the materials are properly stored (Arif et 
al., 2012; Ping et al., 2009). Surveys like the one conducted by J. Y. Wang et al. (2008), have 
shown that enhancement of regulation related to C&D waste should be prioritised to establish a 
more organised C&D waste management system. It is essential to revise any policies related to the 
management of C&D wastes to improve their efficiency and effectiveness, thus, the implementation 
of a Site Waste Management Plan (SWMP) as a tool to predict and record C&D wastes as well as to 
provide action plan to solve it, is encouraged to control waste generation (Gangolells et al., 2014; J. 
Y. Wang et al., 2008).  
 
Considering the facts stated above, there is a need to develop a proper management of C&D wastes 
to ensure that wastes could be managed efficiently and sustainably. Thus, the implementation of 
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suitable waste minimisation strategies should be encouraged. On the other hand, to date, there has 
been little agreement on the most suitable waste minimisation strategies that can be adopted at each 
stage of the construction cycle (Esa et al., 2016b), and there is no clear indication of the impacts of 
the selected waste minimisation strategies throughout the construction cycle. Meanwhile, Seadon 
(2010) described that waste management systems, which include waste generation, collection and 
disposal processes, should not be treated as independent operations. This is because these systems 
are closely related and could influence each other. In this regard, the relationship between these 
systems should be explored despite it is complexity in order to determine their effectiveness, 
particularly, the selected waste minimisation strategy, in reducing waste generation. 
 
Because of this gap, this study aims to develop a holistic model of C&D waste management that is 
applicable throughout the construction cycle. However, it is quite complicated to determine the 
suitable waste minimisation strategies that should be adopted throughout the construction cycle. To 
overcome this complicated issue, a preliminary model, as shown in Figure 2.5, has been developed 
to provide an insight understanding on how to practically develop a holistic model that is suitable to 
be applied throughout the construction cycle. The preliminary model is then being validated using a 
combination of Delphi method and AHP. The validation process was carried out to refine the model 
in the context of Malaysian construction industry and a circularity-oriented model of C&D waste 
management is introduced (see Chapter 4). Here, the effectiveness of the developed circularity-
oriented model to predict the waste generation in real-case scenario needs to be evaluated. 
Therefore, a system dynamics methodology (SDM) has been employed to achieve this objective 
(see Chapter 5 and 6). SDM has the ability to investigate the relevant variables that could influence 
waste generation which could also determine the recycling rate of the model.  
 
2.9.1  Research Questions 
 
In order to solve the C&D waste management problems, the main research question is designed to 
investigate the Malaysian construction industry and its waste management practices:- 
“How can the concept of a circular economy enhance waste minimisation strategies via the 
development of a holistic model for the construction industry in Malaysia?” 
 
Furthermore, sub-research questions are derived to ensure the study is conducted based on the 
research aim and objectives stated in Chapter 1.3. The sub-research questions are:- 
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Sub-Research Question 1 
What are the C&D waste management issues and challenges faced by the construction actors?  
Sub-Research Question 2 
What are the environmental impacts of C&D waste generation? Are there any sustainable 
assessment tools available in emphasising the element of C&D waste management?  
Sub-Research Question 3 
How can we manage the increasing amount of C&D waste generation in a more sustainable way? 
What is the hierarchy of C&D waste management? 
Sub-Research Question 4 
What are the influencing factors of waste generation? What is the motivation factor of adopting a 
better C&D waste management system?  
Sub-Research Question 5 
Who should be responsible for managing the waste at each stage of the construction process?  
Sub-Research Question 6 
What are the better ways of managing C&D waste throughout the construction cycle? How can the 
elements of Re-imagine and Re-design be incorporated in the development of a holistic model for 
C&D waste management? 
Sub-Research Question 7 
How can the available 3R principles of ‘reduce, reuse and recycle’ be adopted at each stage of the 
construction cycle? 
Sub-Research Question 8 
How to utilise the waste minimisation strategies in the context of Malaysian construction industry?  
Sub-Research Question 9 
What are the key variables to be employed in the model? How could those variables be interrelated? 
Sub-Research Question 10 
What are the problems that need to be defined in simulating the model? How can those problems be 
solved or controlled? 
Sub-Research Question 11 
How reliable is the model? What are the policy interventions required to improve the current system 
with the aim of reducing the C&D wastes? 
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2.10 SUMMARY OF CHAPTER 2 
 
The problems concerning C&D waste management are still persistent and have been widely 
discussed among the researchers. It is argued that C&D waste management is necessary and 
important for the construction industry. The existing literature has highlighted the waste 
minimisation strategies that are supposed to be effective if properly implemented. For the concept 
of CE, existing studies have provided an understanding of the potentiality of the concept to be used 
as a basis for a better C&D waste management. Previous researchers have came out with the 
consensus that C&D waste management needs to be improved to ensure the aspects of 
environmental is preserved.  
 
However, current practices of waste management only deal with wastes that have been already 
generated without giving an attention to how to minimise or control waste generation as early as 
possible. However, it is important to note that wastes are generated throughout the construction 
cycle, and existing studies have limited knowledge that can steer the construction actors to 
understand the importance of minimising waste as early as possible and plan a better waste 
management system throughout the construction cycle.  
 
To address these problems, specific waste minimisation strategies and the responsible organisations 
have been identified to ensure the adoption of the strategies at each stage of construction cycle. The 
suitable 3R principles of reduce, reuse and recycle have been assigned in each stage of construction 
cycle. The steps are expected to provide an initial idea on how to enhance the model for C&D waste 
management for the Malaysian construction industry.  
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Chapter 3 – RESEARCH DESIGN 
3.1 INTRODUCTION 
 
This research integrates the concept of circular economy (CE) as an approach to minimise the 
generated wastes throughout the construction cycle in Malaysia. A three-layer approach of micro, 
meso and macro has been used as a foundation to explore the potentials of the CE concept by 
incorporating the 3R principles of ‘reduce, reuse and recycle’ and also investigating the possibility 
of incorporating the Re-imagine and Re-design components into the circularity-based planning 
approach for C&D waste management. The methodology is designed with the purpose of 
developing a holistic model for C&D waste management using the concept of CE to enhance the 
waste minimisation. The development of this model will be in parallel with the Malaysian 
government initiative to achieve sustainable cities in maximising resources and minimising the 
impacts towards the environment. 
 
The research design is an outline that includes all the specific elements and the procedures to be 
employed in answering the research questions (Chapter 2.9.1) and to fulfil the research objectives 
with the most appropriate methods. These methods also determine how the information is gathered 
and analysed in solving the research problem stated earlier (Chapter 1.2). 
 
This chapter has been formulated to provide an insight into the research design applied in this 
research. The detailed information about the methodologies adapted, which includes the motivation 
behind the selected methodology adapted in each phase of the research are discussed in this chapter.  
 
This research employed a mixed method that combined both qualitative and quantitative methods to 
achieve the research objectives stated in Chapter 1.3. It is vital that each of the elements in the 
study, including of the data collection, data analysis as well as model simulation and the 
interpretations of the data and findings, are planned systematically. Priority should be given in 
respect to all of these elements in ensuring that the research objectives are realised.  
 
Chapters 2 reviewed relevant published materials on C&D waste management as well as CE and 
this material provided a preliminary model for the research incorporating the broad topic areas of: 
principles of C&D waste management, waste minimisation strategies and construction actors that 
could be adopted throughout the construction cycle. Following there on, a comprehensive review is 
now conducted to consider suitable research methods and statistical analysis techniques, which can 
be applied to explore the relevant issues and to accomplish the research objectives. 
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After establishing the research gap as described in Chapter 1.2 and Chapter 2.9, three (3) key phases 
of: Delphi method and AHP application, survey questionnaire and simulation process will be 
conducted to accomplish this research. The flow of research designs are outlined in Figure 3.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Flow of Research Design 
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3.2 PHASE 1 – DELPHI METHOD AND AHP APPLICATION (CHAPTER 4) 
 
A series of complex scenarios is taken into account in finalising the components in the preliminary 
model of C&D waste management enhancement process. This is due to the numerous available 
options at each stage of the construction cycle; for instance, the difficulty to choose the right and 
proper waste minimisation strategy to be adopted at each stage of the construction cycle. Therefore, 
the Delphi method was used to allow experts to modify their preferences towards a better C&D 
waste management until the desired level of consensus is achieved. Meanwhile, to decrease the 
subjectivity of experts’ opinions, the Analytical Hierarchy Process (AHP) was integrated into the 
Delphi method to obtain more reliable, objective results. Past studies such as Biggs et al. (2013) 
used the Delphi technique as a method to identify the safety culture in the Australian construction 
industry, while a study on the dispute resolution using international contracts has also applied the 
Delphi method (Gad & Shane, 2012). John FY Yeung et al. (2007) have employed the Delphi 
method as a tool to develop a Key Performance Index (KPI) used to measure the success of a 
partnering project. AHP was also used as a research tool for construction-related studies, such as in 
Fong and Choi (2000), who adopted AHP as a technique in selecting the appropriate contractor 
capable of completing the project. AHP was also successfully applied in various fields such as 
agricultural, manufacturing and mining and mineral fields. In the agricultural fields, AHP was used 
to evaluate the infiltration parameters in furrow irrigation (Valipour & Montazar, 2012a, 2012b). It 
was also employed to seek the suitability of implementing green supply chain management in the 
mining and mineral industry (Mathiyazhagan et al., 2015), as well in the study related to the 
manufacturing industry. Lastly, Thanki et al. (2016) used AHP as a tool to investigate the 
competitiveness of green practices among small and medium size enterprises in India. 
 
3.2.1 Delphi Method 
 
According to Grisham (2009), the name of ‘Delphi’ was obtained from the ancient Greek temple 
where prophecy could be found. Originally, the Delphi method was used for technological 
forecasting in the early 1950s and since then, has gained popularity in social science-related 
research. The Delphi method was not only employed in the fields of construction industry (Xia & 
Chan, 2012); it was also being employed in the fields of management (Schwarz, 2008) education 
(Rice, 2009) healthcare (Cramer et al., 2008) and business (McGuire & Cseh, 2006). Various 
definitions of the Delphi method can be obtained from the literature. In general, the Delphi method 
involves a group of experts that require giving opinions in more than one round of surveys; the 
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opinions then are analysed explicitly until the consensus is achieved (Hallowell & Gambatese, 
2009; Hasson et al., 2000; Hsu & Sandford, 2007; Powell, 2003).  
 
The Delphi method offers a unique process in which the process features three key characteristics 
(Dalkey et al., 1969; O. G. Manoliadis, 2008; Rowe & Wright, 1999; Skulmoski et al., 2007). The 
characteristics are:- 
1. Anonymity  
As the Delphi method involved several rounds of web-based survey, the selected experts 
will remain unknown to one another to ensure that they can express their opinions freely.  
 
2. Iteration 
Again, a number of rounds will provide an opportunity to the selected experts to change 
their views accordingly until the required consensus level is achieved. 
 
3. Statistical Analysis 
A simple statistical analysis is crucial in the Delphi method to avoid confusion among the 
experts. A simple and clear analysis will help the experts to maintain their involvement until 
the last round of the Delphi method. 
 
As stated, the Delphi method has been widely used in the field of research related to the 
construction industry. The Delphi method is used for a variety of purposes and is summarised in 
Table 3.1. 
 
Table 3.1: Delphi method in the construction industry-related research 
Authors No. of Experts No. of Rounds Study Area 
Biggs et al. (2013) 41 2 Perception on the safety culture by the safety 
leaders’ in a large Australasian construction 
organisation. 
John F Yeung et al. 
(2009) 
22 4 Establishing key performance indicators for the 
effectiveness of relationship-based construction 
projects in Australia. 
John FY Yeung et al. 
(2007) 
31 4 Benchmarking key performance indicators for 
evaluating the success of partnering construction 
projects in Hong Kong. 
O. Manoliadis et al. 
(2006) 
20 2 Identifying the influencing factors among the 
construction actors in Greece to adopt sustainable 
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construction in their construction projects.  
Chan et al. (2001) 8 4 Providing alternative way of selecting the most 
appropriate procurement method to be adopted in 
the construction projects. 
 
There is argument about how many rounds need to be employed and how many experts are required 
to conduct the Delphi method. According to Hallowell and Gambatese (2009), the total number of 
rounds was decided based on two factors; to achieve consensus among experts and to enhance 
precision. As can be seen in Table 3.1, the studies were conducted in between two to four rounds of 
Delphi method. The Delphi method can take up to six rounds of survey until consensus is reached 
(Gupta & Clarke, 1996). However, the employment of three rounds of Delphi method will be best 
suited in portraying the experts’ opinion. Basically, the emphasis is given towards reaching the level 
of consensus rather than arguing irrelevant opinion in the third round (Hallowell & Gambatese, 
2009). Therefore in this study, three rounds of Delphi method were adopted. In terms of the total 
number of experts, it is hard to determine the relevant number, even though in the literature it was 
mentioned that the number of experts can range from three to eighty (Rowe & Wright, 1999). The 
most important aspect is the consistency of the selected experts that are to be involved until the final 
round of Delphi method. The authors decided to choose twenty experts in this study to gain more 
opinions in developing a holistic model of C&D waste management in Malaysia.  
 
3.2.2 Analytical Hierarchy Process (AHP) 
 
Many waste minimisation strategies could be obtained from the literature. It is a complicated 
decision to select the most applicable strategies in the context of the Malaysian construction 
industry. Therefore, AHP was employed in the second round of Delphi to help the selected experts 
in making the decisions, as well as enhancing the results. AHP was introduced by Saaty (1977) as 
an aiding tool of decision-making in a complex scenario. AHP consisted of three primary 
procedures: development of hierarchic structure, the use of pair-wise comparison in prioritising the 
elements and calculation of results. Similarly, AHP has also gained in popularity in the research 
related to the construction industry. For instance, AHP was used in the study related to safety 
aspects of construction projects (Aminbakhsh et al., 2013; Shapira & Simcha, 2009); modelling the 
selection process of the right equipment (Shapira & Goldenberg, 2005) and a process of finalising 
the selection of contractor (Fong & Choi, 2000).    
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3.2.3 Research Method 
 
The Delphi method adopted in this study consists of three rounds of the web-based survey. It was 
intended to introduce a circular model for C&D waste management that is applicable in the context 
of the Malaysian construction industry. In this study, experts from different backgrounds including 
the contractors, developers, consultants and government agencies have stakes, as their contributions 
are important in developing a circular model of C&D waste management. The selection of the 
expert panels is based on the following criteria:- 
(1) Experts to have at least 10 years or more working experience in the construction industry 
in Malaysia. 
(2) Experts to have knowledge of the elements of C&D waste management. 
 
In each round, the surveys were divided into three sections: the planning and designing stage, 
procurement stage and construction and demolition stage. In each section, experts were first 
required to answer the questions related to the relevant 3R principles of ‘reduce, reuse and recycle’. 
Next, the responsible organisations that could give emphasis towards a better C&D waste 
management were questioned. Finally, experts were also required to identify suitable waste 
minimisation strategies to be adopted throughout the construction cycle.  
 
The first round of the Delphi method involved an open-ended solicitation of questions regarding the 
relevant principles, responsible organisations and best strategies to minimise waste generation at the 
planning and designing, procurement, and construction and demolition stages. The Statistical 
Package for Social Science (SPSS) using the Multiple Response Frequencies Analysis was used in 
analysing the data obtained from the first round of survey.  
 
In the second round, experts were asked to state the importance of principles, organisations and 
strategies for minimising waste generation throughout the construction cycle. Data was analysed 
through mathematical aspects, according to the AHP procedure.  
 
In the third round of the survey, experts were provided with a table that ranked each waste 
minimisation strategy to be adopted at each stage of the construction cycle. The experts were asked 
to assess the ranking, and state whether they agreed with the ranking, or to re-consider it by 
providing a new ranking. In this final round, the level of consensus among the experts was 
measured in percentage to finalise the results.  
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Table 3.2 summarises the Delphi method conducted. Sub-chapters 3.2.3.2, 3.2.3.3 and 3.2.3.4 
explain in detail the procedure adopted in each round, whereas sub-section 3.2.3.1 explains how the 
selection of the expert panel was performed.  
 
Table 3.2: Overall Delphi Method 
 Round 1 Round 2 Round 3 
Database for 
survey 
Literature review and 
previous study 
Results from Round 1 Results from Round 2 
Duration 20th August – 8th September 
2015 
14th September – 5th October 
2015 
10th October – 24th October 2015 
(First Cycle) 
25th October – 2nd November 
2015 (Second Cycle) 
No. of Experts 
Responded 
25 responded but 20 selected 
based on the stated criteria 
20  19 (1 withdrew due to high 
workload) 
 
3.2.3.1 Selection of the Expert Panel 
 
The first step of the Delphi method is the selection of expert panels as recommended by Okoli and 
Pawlowski (2004); 10 to 18 expert panels were considered sufficient to carry out this method. All 
relevant stakeholders in the construction industry, including the developers, consultants, contractors 
and government agencies, were involved in this process, as their opinions will cover all aspects of 
C&D waste management.  
 
In conducting this study, 50 potential expert panels were identified that included the developers, 
consultants, contractors and government agencies to acquire an unbiased outcome regarding the 
research aim. Table 3.3 illustrated the breakdown of the expert panels for the Delphi method.  
 
Table 3.3: List of the potential experts 
Stakeholders Quantity 
Consultants 12 
Contractors 15 
Government Agencies 10 
Developers 13 
TOTAL 50 
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3.2.3.2 Format of the First Round 
 
The Delphi method was conducted using a web-based survey, and an email was sent to invite the 
experts. The purpose of this Delphi study was explained in the email, and the experts were informed 
that there would be three rounds of web-based surveys. In the first round of the Delphi method, the 
questions were designed based on an extensive literature review and was divided into two (2) main 
sections; background of the experts (Section A) and waste minimisation strategy (Section B). 
Section B has been sub-divided into three (3) parts including the planning and designing stage, 
procurement stage, and the construction and demolition stage. In the survey, the experts were asked 
to choose which of the 3R principles of ‘reduce, reuse and recycle’ is most suitable to be adopted at 
each stage of the construction cycle. In addition, the experts also need to select among contractors, 
consultants, developers and government agencies as the most responsible organisations, to ensure 
emphasis is given towards a better C&D waste management at each stage of the construction cycle.  
Finally, the experts were required to suggest three ways of minimising waste generation at each 
stage of the construction cycle. However, the authors had provided a list of waste minimisation 
strategies obtained from previous studies and literature for the expert’s reference. At the planning 
and designing stage, a list of eight strategies was given: the material selection (e.g. eco-labelling 
products); modern method of construction (e.g. Industrialised Building System); modular design 
(e.g. modular coordination); eco-industrial park development; eco-design; cleaner production 
audits; multi-functional building (e.g. Smart Office Home Office); and ease of disassembly. At the 
procurement stage, a list of six strategies had been listed: the enhancement of regulation related to 
C&D waste; awards; on-site sorting technique of wastes; off-site sorting technique of wastes; 
awareness and training; and revision on the standard form of contracts. Finally at the construction 
and demolition stage, five strategies had been listed: monitoring labourer’s attitudes; collaborating 
and communicating with project team members; recycling facilities; site management (e.g. proper 
storage facilities); and appropriate plants for demolition works. 
 
3.2.3.3 Format of the Second Round 
 
In the second round of the Delphi method, AHP was employed. AHP, developed by Thomas L. 
Saaty in the 1970s, is a multi-criteria, multi-attribute and multi-decision stakeholder decision 
analysis tool. It is commonly used as a decision-aid tool in analysing complex decisions such as 
those regarding the suitability of waste minimisation strategies to be adopted at different stages of 
the construction cycle. AHP provides a strategic and practical way of coping with multiple criteria 
decisions involving C&D waste management. AHP has been considered as a successful theory that 
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makes assumptions on related multiple criteria decisions consistent (Barbarosoglu & Yazgac, 
1997). Furthermore, the mathematical aspects adopted in AHP produce highly precise priorities, 
which could enhance the effectiveness of this approach. AHP is used to differentiate the weights of 
indicators, in this case, the 3R principles, responsible organisations and waste minimisation 
strategies. These are the reasons for selecting AHP as a decision-aid tool in developing a C&D 
waste management system. To get a better understanding of the calculation process, the authors 
developed a new AHP template calculation using Microsoft Excel. The template was derived, based 
on the example gathered from the template drawn up by Goepel (2013). In this round, the authors 
narrowed down the options for the experts. The experts were required to assess the degree of 
importance between two of the highest principles, two responsible organisations and three waste 
minimisation strategies that had been selected in the previous round. The procedure of AHP is as 
follows:- 
 
(a) Hierarchic Structure 
 
The data gathered from Round 1 was sorted into a hierarchy of criteria and alternatives of C&D 
waste management. Fong and Choi (2000) mentioned the importance of developing a hierarchy in 
solving complex decision processes. The first layer of the hierarchy is the overall objective of the 
decision; in this case, C&D waste management. As the purpose of the study is to develop a 
circularity-oriented C&D waste management model, the objective of AHP is sub-divided into three 
stages, namely the planning and designing stage; procurement stage; and construction and 
demolition stage. The following layers of the hierarchy are criteria and alternatives that could 
influence the overall objectives. From the developed hierarchy, questions for Round 2 were 
designed to find the best solution to manage the wastes effectively. 
 
(b) Prioritization Procedure 
 
In this second procedure, the priority of each criteria and its alternative was defined. Pair-wise 
comparisons were applied to express the relative importance of one criterion over another. A pair-
wise method allows the experts to focus on comparing two criteria and a decision was made without 
any additional influences (Muralidhar et al., 1990). A matrix combination was used to finalise the 
pair-wise comparisons.  
 
The developed hierarchy was then tested using AHP. The criteria and alternatives included in the 
hierarchy were arranged into a matrix. The experts were asked to make assessments regarding the 
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relative importance of the criteria and alternatives concerning the overall objective of validating the 
preliminary model. Is material selection more important compared to modern methods of 
construction or vice-versa? All the criteria and alternatives were paired together in determining the 
weighting score. This process is called pair-wise comparison using the fundamental scale (see Error! 
eference source not found.). Table 3.5 shows an example of pair-wise comparison that has been 
employed in this study. For instance, if experts choose 7 in Table 3.5, it means that strategy ‘A’ is 
seven times more important than strategy ‘B’. If the experts decided to choose 1/7, it means that 
strategy ‘B’ is seven times more important than strategy ‘A’. 
 
Table 3.4: Factor Weighting Score 
Scale Degree of Preference 
1 Equal Importance 
3 Moderate Importance 
5 Strong Importance 
7 Very Strong Importance 
9 Extreme Importance 
2,4,6,8 Values for inverse comparison 
 
Table 3.5: Example of Pair-wise Comparison 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
A 9 7 5 3 1 1/3 1/5 1/7 1/9 B 
 
The pair-wise comparisons were then standardised to measure the principal eigenvector value. The 
principal eigenvector was used to determine the level of priority of each criteria and alternatives 
included in the hierarchy. Larger values of the eigenvector indicate greater importance of selection 
with respect to the criterion. 
 
(c) Calculation of Results 
 
Geometric means were used to aggregate the results from all the experts. Then, a matrix 
combination was used to determine the normalised relative weights in the form of ‘eigenvector’. 
The results were finalised by calculating the consistency ratio (CR) whereby it is considered 
consistent if the result is less than 0.1. The consistency of the results can be measured by identifying 
the Consistency Ratio (CR) whereby it can be considered consistent if the value obtained is less than 
Chapter 3 – Research Design 
80 | P a g e  
 
0.1. To measure the CR value, the authors calculated the value of principal eigenvalue (λmax ) and 
the Consistency Index (CI). The formula used in calculating the CI value is:- 
 
 
 
CI = Consistency Index 
λmax = Principal Eigenvalue 
n = Total Number of Criteria/Alternative 
 
Equation 3.1: Formula of Consistency Index (CI) 
 
After obtaining the value of CI, CR can be measured using the formula of:- 
 
 
 
CR = Consistency Ratio 
RI = Random Consistency Index 
 
Equation 3.2: Formula of Consistency Ratio (CR) 
 
RI value was derived from the works done by Saaty (1977), as shown in Table 3.6. The value of RI 
is obtained by identifying the total number of criteria/alternatives (n) in the study. In this case, the 
numbers of alternatives are three. 
 
Table 3.6: Random Consistency Index (RI) 
N 1 2 3 4 5 6 7 8 9 10 
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 
 
3.2.3.4 Format of the Third Round 
 
Finally in the third round of the Delphi method, the experts are provided with the results from 
Round 2. The format for the final round was designed in a simple format whereby the experts were 
required to reconsider the results or give consensus to finalise the results. The experts were 
provided with a ranking table of suitable 3R principles, responsible organisations and suitable waste 
minimisation strategies that should be adopted at each stage of the construction cycle. The experts 
were asked to assess the ranking as to whether they agreed with the ranking or would re-consider 
CI =   λmax – n 
             n – 1  
CR =   CI 
            RI  
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the ranking by providing a new ranking in this final round. A percentage value of more than 60% is 
required for each ranking provided in this round to achieve consensus among the experts (Raskin, 
1994; Rayens & Hahn, 2000). In this study, the authors conducted two cycles of the consensus stage 
until a 60% level of consensus was achieved among the experts. 
 
3.2.4 Summary of Delphi Method and AHP 
 
Three rounds of Delphi method; in which AHP was incorporated in the second round, were 
employed in this study to address Research Objective 2. All the questions of the web-based survey 
used in this phase are attached in APPENDIX A. The findings from this process are then reported in 
a journal paper with the proposed title of “Developing a Circular Model for Construction and 
Demolition Waste Management in Malaysia: Application of Delphi method and Analytical 
Hierarchy Process”. It has been submitted to the Waste Management and Research and is currently 
under review. The manuscript has been incorporated in this research in Chapter 14. Table 3.7 
summarises the approach and timeframe to produce the paper.  
 
Table 3.7: Approach and Timeframe (Journal Paper 2) 
TASK APPROACH TIMEFRAME 
Ethic Approval  Consult with supervisor to fill in the application form for ethic 
approval and develop the information and consent form. 
 Submit the relevant documents to the GPEM Ethics Officer, Dr 
Paul Dargusch. 
August 2015 
Develop survey for 
Round 1 of Delphi 
Method 
 Finalise the questions that need to be asked based on the 
research objectives and questions.  
 Identify the sampling group and the methods of distribution. 
July 2015 – August 
2015 
Online Survey for 
Round 1 of Delphi 
Method 
 Survey was distributed using the online sources and asked the 
selected experts from Contractors (G7), Consultants, 
Developers and Government Agencies to answer. 
 The responses were compiled. 
20th August 2015 – 
8th September 2015 
Compile Result Round 
1 and Develop survey 
for Round 2 
 The answers from Round 1 were compiled and analysed using 
the Multiple-Response Frequencies Analysis.  
 The hierarchy of C&D waste management was developed.  
 Finalise the format of questionnaire based on the results. 
7th September 2015 – 
10th September 2015 
 
Online Survey for 
Round 2 of Delphi 
Method 
 Inviting the selected experts to get involved in Round 2 
 Remainder was sent to unresponsive experts. 
14th September 2015 
– 29th September 
2015 
AHP Calculation  Analytical Hierarchy Process (AHP) was used to select the best  
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potential waste minimisation strategy that could be adopted at 
different stages of construction cycle  
 “Eigenventor” was used to rank the priorities from the pairwise 
comparisons. 
 
29th September 2015 
– 5th October 2015 
Online Survey for 
Round 3 of Delphi 
Method 
 Consensus is required from all the experts to finalise the results.  
 Percentage was used to ensure the appropriate level of 
consensus.  
10th October 2015 – 
25th October 2015 
Compile the result  The results were compiled and a manuscript was developed.  
 The manuscript was completed after a few revisions and 
submitted to the Waste Management and Research. 
25th October 2015 – 
20th July 2016  
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3.3 PHASE 2 – DISTRIBUTION OF QUESTIONNAIRE (CHAPTER 5) 
 
According to Bryman (2015), combining different research methodologies in a single study would 
definitely improve the outcome of the study. There will be a strong validity in verifying the research 
problem by employing more than one research method in a study. Therefore, questionnaire was 
formed to collect extra information and to provide a relevant understanding of the study 
accordingly. This questionnaire is employed to validate the preliminary model derived from a 
combination of Delphi method and AHP. The validation is necessary to introduce a C&D waste 
management system that is applicable in the Malaysian construction industry. Additional 
information required in developing the system dynamic modelling were asked in the questionnaire 
as well.  
 
Questionnaire was identified as one of the best methods to capture actual information regarding the 
related aspects of C&D waste management and the data collected from this method is known as 
primary data (Sekaran & Bougie, 2010). The most important aspect of the questionnaire is the 
structure of the questionnaire itself. A well-designed questionnaire allows the respondents to answer 
the questions without hesitation, which will influence the response rate of the study; and the authors 
will get meaningful analysis and can write the report efficiently (Y. P. Chua, 2012). Neuman (2006) 
added that a good questionnaire would create a platform for the authors to collect valid and reliable 
data and suggestions.  
 
3.3.1  Designing the Questionnaire 
 
A questionnaire was designed and distributed to key stakeholders including government agencies, 
developers, consultants and contractors, to enhance the results obtained from the Delphi method and 
AHP. The data obtained were then analysed and a Causal-Loop Diagram (CLD) of management of 
C&D wastes was derived. CLD is a conceptual model that describes the interactions of the selected 
variables through the dynamic process (Sterman, 2000). This can be used as a starting point for 
future research on integrating the CE concept as an approach to reduce the generation of C&D 
waste during the construction cycle using the system dynamics modelling. The development of 
CLD is imperative in portraying the structure of the system dynamics modelling itself; in this case, 
the key principles and strategies of C&D waste minimisation. 
 
Based on the literature review reported in Chapter 2, the waste minimisation strategies and 
influencing factors of waste generation are the key contents of the questionnaire. Besides that, the 
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motivation factors that could influence the construction actors to manage the waste effectively were 
asked. The questionnaire also included the 3R principles of reduce, reuse and recycle that should be 
adopted at each stage of construction cycle. A consideration on integrating the elements of re-
imagine and re-design at the initial stage of construction cycle was also investigated.  
 
Table 3.8 summarises the waste minimisation strategies that were obtained from previous studies 
and used in designing the questionnaire. Each strategy was assigned with a coding to facilitate the 
analysis process.  
 
Table 3.8: C&D Waste Minimisation Strategies Identified from the Previous Studies  
Waste Minimisation Strategies Coding References 
Planning and Designing Stage 
  
Material selection (e.g. eco-labelling products) PD1 
Krystofik et al. (2015); Huang et al. 
(2013); Low et al. (2014); Poon, Yu, 
and Jaillon (2004); Urio and Brent 
(2006) 
Modern method of construction (e.g. Industrialised 
Building System - IBS) 
PD2 
Lachimpadi et al. (2012); Zhengdao Li 
et al. (2014) 
Encourage the implementation of modular design (e.g. 
modular coordination) to promote standardization of 
construction materials and elements 
PD3 Gangolells et al. (2014)  
Cleaner production audits PD4 
Yean Yng Ling and Song Anh 
Nguyen (2013);  Poon, Yu, and Jaillon 
(2004) 
Multi-functional spaces that provide multiple purposes 
(e.g. Small Office/Home Office - SoHo) 
PD5 
Keys et al. (2000); Khor and Udin 
(2013)  
Ease of disassembly PD6 
Keys et al. (2000); Newton et al. 
(2009); Khor and Udin (2013)  
The adoption of the Building Information Modelling 
(BIM) to simulate and assess the design before it is 
being built 
PD7 
Akinade et al. (2015); Akinade et al. 
(2015) Bryde et al. (2013); J. C. 
Cheng and Ma (2013) 
Set target of allowable wastage PD8 
Yean Yng Ling and Song Anh 
Nguyen (2013) 
The amounts and types of construction wastes are 
estimated for each of the construction activities 
conducted 
PD9 Y. Li et al. (2016); Lu et al. (2015) 
Considering reusable elements for future dismantling of 
components 
PD10 Gangolells et al. (2014)  
All the stakeholders are involved in the coordination of PD11 Gangolells et al. (2014); J. Y. Wang et 
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the waste management plan al. (2008); Poon, Yu, Wong, et al. 
(2004) 
Designating a waste management plan coordinator   who 
is responsible  in ensuring that the plan is adhered to on 
site 
PD12 Arif et al. (2012)  
Procurement Stage 
  
Eco-industrial park development P1 Batten et al. (2008); Fang et al. (2007)  
Eco-design P2 
Deutz et al. (2010); Khor and Udin 
(2013); Pigosso et al. (2010) 
Enhancement of regulation related to construction waste P3 
Akinade et al. (2015); Arif et al. 
(2012); Lu and Yuan (2011); Malia et 
al. (2013); Yu et al. (2013) 
Awards are given to those who have successfully 
reduced the waste generation 
P4 Tam and Tam (2008)  
Awareness and training on waste management P5 
Yean Yng Ling and Song Anh 
Nguyen (2013); del Rio Merino et al. 
(2010); Jones et al. (2012); 
Kofoworola and Gheewala (2009) 
Revision on standard form of contracts are required to 
ensure the waste management plan compulsory  
P6 J. Li and Yu (2011); Arif et al. (2012) 
Green procurement P7 
Hamid and Kamar (2012); Arif et al. 
(2009) 
Give reward to those who effectively applied 
construction waste management and provide deterrents 
for those who failed to apply construction waste 
management 
P8 
Yean Yng Ling and Song Anh 
Nguyen (2013); Yu et al. (2013); 
Begum et al. (2007b); Barlaz et al. 
(2003)  
Employ sub-contractor with the ability to manage the 
waste efficiently 
P9 
Yean Yng Ling and Song Anh 
Nguyen (2013)  
Compulsory to apply the Green Building Index (GBI) in 
the construction project 
P10 
S. C. Chua and Oh (2011); Rahardjati 
et al. (2010)  
Produce a mandatory minimum IBS Score to be 
achieved so that the adoption of IBS can be   supported,  
and at the same reducing the waste generation 
P11 Lachimpadi et al. (2012)  
Construction and Demolition Stage 
  
Monitoring Labourer’s Attitudes CD1 
Yean Yng Ling and Song Anh 
Nguyen (2013); Kulatunga et al. 
(2006); Teo and Loosemore (2001)  
Applying and ensuring the compliance of the waste 
management plan 
CD2 
Gangolells et al. (2014); J. Y. Wang et 
al. (2008); Arif et al. (2012)  
A written contract among sub-contractors stating their 
obligation in  adhering to the on-site waste management 
CD3 
Yean Yng Ling and Song Anh 
Nguyen (2013) 
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plan 
Collaboration and communication among project team 
members 
CD4 
Gangolells et al. (2014); Ordoñez and 
Rahe (2013); Ping et al. (2009) 
On-site sorting technique of wastes CD5 
Gangolells et al. (2014); Poon et al. 
(2001b)  
Off-site sorting technique of wastes CD6 Poon et al. (2001b)  
Increase the availability of recycling facilities at the hot-
spot areas 
CD7 
Banias et al. (2011); Blengini (2009); 
Coelho and de Brito (2011)  
Site management (e.g. proper storage facilities) CD8 Arif et al. (2012); Ping et al. (2009)  
Appropriate plants for demolition works CD9 Gangolells et al. (2014)  
Prioritising selective disassembly or dismantling or 
disassembly , in favour of massive demolition 
CD10 Poon et al. (2001a) 
Making precise  prediction of the materials’  quantity of 
required to conduct  the job  to prevent long periods  of 
material  on-site storage 
CD11 
Ping et al. (2009); Bossink (1996); 
Cochran and Townsend (2010); Poon, 
Yu, and Jaillon (2004)  
The availability of on-site mobile crushers so that inert 
wastes can be recycled and reused 
CD12 Gangolells et al. (2014)  
 
As shown in Table 3.8, the literature reviews include those publications and reports mainly from 
India, China and other developing countries. As a developing country, the awareness to develop a 
proper management of C&D wastes is encouraging due to rapid infrastructure developments and 
urbanization (Marrero et al., 2016). However, less attention is given to manage the C&D waste 
generation throughout the construction cycle in those countries. Focus has been given in managing 
the generated C&D waste rather than trying to control it at the initial stage of construction cycle. 
According to Lu and Yuan (2010), it is necessary to consider the contextual differences of the study 
area to successfully apply the management of the C&D waste plan developed. In this case, although 
the management of C&D wastes here is focused in a Malaysian construction industry context, the 
information included in this study will initiate a great impetus towards a better management of 
C&D wastes in which could be applied to other countries as well. 
 
The identification of the influencing factors will help the construction actors/stakeholders in 
Malaysia to understand the main factors and help them to better manage the C&D waste 
management in future. The influencing factors of C&D waste generation are obtained from the 
previous studies as shown in Table 3.9. Table 3.9 summarises the findings obtained from Bossink 
(1996). These influencing factors were used in this study in order to identify whether these factors 
are also similar to a Malaysian construction industrial context. Each influencing factor is assigned 
with a specific code to simplify the analysis process. 
 
Chapter 3 – Research Design 
87 | P a g e  
 
Table 3.9: Summary of influencing factors of waste generation 
Source Influencing Factors Codes 
Design 
Errors in contract documents D1 
Contract documents incomplete at commencement of construction D2 
Changes in design D3 
Choices about specifications of products D4 
Choice of low quality products  D5 
Lack of attention paid to sizes of used products D6 
Designer is not familiar with possibilities of different products D7 
Lack of influence of contractors and lack of knowledge about construction D8 
Procurement 
Ordering errors, over-ordering, under-ordering P1 
Lack of possibilities to order small quantities P2 
Use of products that do not fit P3 
Materials Handling 
Damage during transportation to site/on site MH1 
Inappropriate storage leading to damage or deterioration MH2 
Unpacked supply MH3 
Throwaway packaging MH4 
Operation 
Error by tradesperson or labourer OP1 
Equipment malfunction OP2 
Inclement weather OP3 
Accidents  OP4 
Damage caused by subsequent trades OP5 
Use of incorrect material, requiring replacement OP6 
Method to lay the foundation OP7 
Required quantity of products unknown due to imperfect planning OP8 
Information about types and sizes of products that will be used arrives too 
late to the contractors 
OP9 
Demolition 
Unclear between selective and non-selective demolition DE1 
Unsuitable plants used to carry out the demolition works  DE2 
Residual 
Conversion waste from cutting uneconomical shapes R1 
Off-cuts from cutting materials to length R2 
Overmixing of materials for wet trades due to a lack of knowledge of 
requirements 
R3 
Waste from application process R4 
Packaging R5 
Other 
Criminal waste due to damage or theft  OT1 
Lack of on-site materials control and waste management plan OT2 
Source: (Bossink, 1996) 
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3.3.2 Administration of the Questionnaire 
 
The self-administered questionnaire was developed to gather primary data. The main data focus on 
the suitability of the adoption of 3R principles (reduce, reuse and recycle), integrating the elements 
of re-imagine and re-design at the initial stage of construction process and implementing the C&D 
waste minimisation strategies at various stages of the construction cycle, including the stage of 
designing and planning, the stage of procurement and the stages of construction and demolition. 
The questions were designed according to a thorough literature review and the results were obtained 
from the first method of study, which was a combination of the Delphi method and AHP (Esa et al., 
2016a).  
 
The final version of the questionnaire involved 85 questions, which were divided into four separate 
sections, as shown in APPENDIX B. The first section (Section I) comprises questions about the 
respondents’ background, their general views on the scenario of managing C&D waste in Malaysia 
and the awareness about the concept of CE. In regards to their background, the respondents were 
asked about their positions in the organisation and their experience in working in the construction 
industry. The respondents’ positions were grouped into three levels; higher level (top management 
including directors, executives, senior managers, civil engineers, etc.), middle level (including 
quantity surveyors, project managers, architects, structural engineers, etc.) and lower level 
(including site supervisor, site agents, environmentalists, health and safety officers, etc.). All 
questions are closed ended. Questions 4 to 7 probed on the scenarios linked to the management of 
C&D wastes in Malaysia, particularly on their awareness about the existence of the concept of CE. 
The respondents were asked about the current performance of the management of C&D waste in 
Malaysia by rating whether the current management practices are poor, satisfactory, good, very 
good or outstanding. Question 8 assessed on the items that motivate organisations to establish a 
proper management of C&D wastes throughout the construction cycle. This is the only question in 
Section I where the participants are allowed to use ‘other’ statements and they are given the space 
to write their own opinion. 
 
Section II is about the influencing factors of C&D waste generation obtained from Table 3.9. In this 
section, the respondents were required to assess the level of agreement using  a “Likert” scale of 1 
to 5, where 1 represents “strongly disagree”, 2 represents “disagree”, 3 represents “neither agree or 
disagree”, 4 represents “agree” and 5 represents “strongly agree”. 
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The questions in Section III focused on the participants’ knowledge of the principles and strategies 
linked to managing C&D waste in Malaysia. All questions are closed-ended but the respondents are 
given the choice of ‘other’, where they are allowed to share their own point of view. Questions 1, 
2(a) and 2(b) are closed-ended questions, which probed the respondents’ knowledge and perception 
of the 3R principles. Questions 3 to 5 required the respondents to rate the statements based on the 
waste management strategies using the Likert scale of 1 to 5. The scale ranged from 1, representing 
not important, and 5, which represents that the statement is extremely important. Questions 3 to 5 
focused on suitable waste minimisation strategy for every stage, Question 3 in the planning stage, 
Question 4 in the procurement stage and Question 5 in the construction and demolition stage. 
Finally in Section IV, the respondents optionally can address their views and opinions on how to 
improve the C&D waste management in Malaysia.   
 
In all, 480 questionnaires were distributed to the above-mentioned stakeholders around the Klang 
Valley area in Malaysia, either being posted, circulated or invited to response the questionnaire 
through online. The areas that are chosen for the distribution of the questionnaire are the convergent 
areas for development with highest demands of a project (Department of Statistics, 2015). The 
questionnaires were accompanied with a formal covering letter mentioning the study title, its 
objectives, the final date by which it should be returned, and declaration of 
anonymity/confidentiality. In order to facilitate the mailing process and to receive the largest 
possible successful return, a stamped envelope was provided with each questionnaire. A reminder 
was sent to the potential respondents. However, it was difficult to remind the potential respondents 
due to their unknown identities, especially of those who received the questionnaires through 
postage. Nevertheless, for those who received an invitation email to answer the questionnaire using 
the web-based survey, a general reminder was sent 14 days and at 7 days again before the due date. 
 
3.3.3 Sampling Process 
 
Sampling is a process of determining a sufficient number of respondents to be selected in the study 
(Sekaran & Bougie, 2010). Therefore, it is crucial to ensure the validity and reliability of the study 
(Y. P. Chua, 2012). In this study, the sample population was randomly selected from four main 
stakeholders in the Malaysian construction industry; developers, government agencies, consultants 
and contractors. The samples were selected from the relevant databases or sources, as shown in 
Table 3.10. 
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Table 3.10: Sources of Sample  
Groups Sources 
Developers Real Estate and Housing Developers Association Malaysia (REHDA) databases 
Government Agencies Local authorities, government departments, city councils, Construction Industry 
Development Board (CIDB) and universities 
Consultants Malaysian Institute Architect, Board of Engineers and Board of Surveyors 
Contractors Construction Industry Development Board (CIDB) databases 
 
A sampling process is a vital element in maintaining the validity and reliability of the research (Y. 
P. Chua, 2012). The major objective of the study is to facilitate an integrated management of C&D 
wastes throughout the construction cycle, hence, the sample population was randomly selected from 
four targeted groups in the Malaysian construction industry, including the government agencies, 
developers, consultants and contractors. For the government agencies, the samples were drawn from 
the respective databases including local authorities, government departments, city councils, CIDB 
(Construction Industry Development Board) as well as universities. The sources for the samples of 
developers were obtained from the databases established by REHDA (Real Estate and Housing 
Developers Association Malaysia) while the sample of consultants including quantity surveyors, 
civil and structural engineers and architects, as well as mechanical and electrical engineers, were 
sourced by the official website of the Malaysian Institute Architect, Board of Engineers and Board 
of Surveyors. For contractors, the targeted respondents were taken from the CIDB directory of 
companies that are currently registered with the CIDB under Grade 7 (G7) to Grade 5 (G5) 
categories. The wide range of background of the respondents allowed the authors to produce 
comprehensive results. 
 
In addition, the sample size is important in the planning and interpretation of results derived from 
the quantitative study (Thompson, 2002). In this case, it is quite difficult to obtain an exact sample 
size as the study is focused on gathering responses from four different stakeholders in the 
Malaysian construction industry. For example, even though there is a complete database that 
consisted of information about the contractors in Malaysia, the accuracy of the information can be 
doubted as it is hard to believe that the database is being regularly updated. It is possible that 
inactive contractors are still being included in the database obtained from the CIDB website. 
Therefore, a formula suggested by Smith (2013) has been employed in this study to determine the 
total number of sample size. The formula is:- 
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n = (Z2 x p2) /d2 
n = minimum sample size 
Z = standard normal deviation set at 95% of confidence level 
p = population proportion 
d = margin of error 
 
Equation 3.3: Formula of Sample Size  
 
In this study, the normal standard deviation has been set at 95% of confidence level. The confidence 
level is used to determine the value of Z scores as shown in  
Table 3.11. From the table, the value of Z score is 1.96. Then, the population proportion that is 
going to respond has been assumed at 50% and the value d is an estimation required for margin of 
error; in this case, the authors assumed a 5% margin of error. Therefore, 
 
n = (1.962 x 0.52) / 0.052 
n = (3.8416 x 0.25) / 0.0025 
n = 385 
 
Equation 3.4: Calculation of Sample Size 
 
Table 3.11: Z-scores for commonly used confidence levels 
Confidence Level Z Score 
90% 1.645 
95% 1.96 
99% 2.576 
 
From Equation 3.4, 385 sample sizes are needed in this study. Therefore, 480 questionnaires were 
distributed using three ways; posted, circulated and invited to response the questionnaire through 
online. The questionnaire was distributed in Malaysia from October 2015 until February 2016, in 
which time 167 questionnaires were returned and analysed.  
 
3.3.4 Questionnaire Structure 
 
The questionnaire is divided into four sections (see APPENDIX B):- 
 
 
 
Chapter 3 – Research Design 
92 | P a g e  
 
Section I: General Information 
This section focuses on the general information of the respondents, including position, years of 
experience and the organisations they are involved with. In this section also, the respondents are 
required to give their overview on the fundamental aspects of C&D waste management and concept 
of CE such as the condition level of C&D waste management in Malaysia, level of agreement on 
the generation of C&D wastes throughout the construction cycle, level of agreement that the C&D 
waste should be managed throughout the construction cycle and level of awareness on the existence 
of CE concept. Finally, the respondents are asked to rank the motivation factors that will influence 
their organisations to establish a proper C&D waste management.  
 
Section II: Influencing Factors of Waste Generation 
This section deals with the influencing factors of waste generation. In this part, the influencing 
factors were gathered from the literature, and the respondents were asked about the level of 
agreement from 1 to 5 (1 represents strongly disagree and 5 represents strongly agree). The 
intention is to test the applicability and similarity of those influencing factors in the context of the 
Malaysian construction industry.  
 
Section III: Waste Minimisation Strategy 
This section is divided into two parts. The first part focuses on the adoption of the 3R principles of 
‘reduce, reuse and recycle’ throughout the construction cycle and the integration of re-design and 
re-imagines elements at the initial stage of construction projects. The second part deals with the 
waste minimisation strategies that are suitable to be adopted throughout the construction cycle. In 
this part, Likert scales of 1 to 5 were employed to identify the most suitable strategies (1 represents 
not important and 5 represents extremely important). Different waste minimisation strategies have 
been allocated at different stages of the construction cycle; e.g. material selection at the planning 
and designing stage, eco-design at the procurement stage and site management at the construction 
and demolition stage.  
 
Section IV: General Comments 
Finally in this section, the respondents optionally can address their views and opinions on how to 
improve the C&D waste management in Malaysia. 
 
The questionnaire consisted of two fundamental styles of question: open-ended and closed 
questions. In this questionnaire, ten questions were listed as closed questions, only two questions 
were open-ended questions and five questions consisted of being both closed and open-ended 
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questions. The closed questions were asked in the form of ‘yes’ or ‘no’ responses and were scaled-
style questions. Scaled-style questions can be categorised into four types: nominal, ordinal, interval 
and ratio scales. Table 3.12 summarises the scaled-style questions applied in this questionnaire. On 
the other hand, two open-ended questions were asked, which involved the respondents’ position in 
the organisation (Q1) and the final question in Section IV of the questionnaire, which required the 
respondents to express their view subjectively on how to improve the C&D waste management in 
Malaysia. According to Pallant (2013), a combination of both closed and open-ended questions will 
provide better options for the respondents to express their opinions.   
 
Table 3.12: Summary of Scaled-style Questions 
Scaled-style Description Application 
Nominal The respondents are distinguished by the group or category 
in which they are belong (McQueen & Knussen, 2002). 
Section I – Q1, Q3, Q5, Q7, Q8 
Section III – Q2a, Q2b 
Section IV – Q1 
Ordinal The increased or decreased value of the selected variables 
will give meaningful information in determining the level 
of importance (McQueen & Knussen, 2002). 
Section I – Q4 
Section III – Q3, Q4, Q5 
Interval A more precise information on the rank order and also the 
differences in values on the selected variables (Sarstedt & 
Mooi, 2014). 
Section I – Q9  
Section II – Q1 
Ratio The utmost scaling measurement that will give direct and 
accurate information about the selected variables (Sarstedt 
& Mooi, 2014). 
Section I – Q2, Q6 
Section III – Q1 
 
3.3.5 Statistical Analysis 
 
The data obtained from the distribution of the questionnaires were then statistically analysed using a 
Statistical Package for the Social Sciences (SPSS) for Windows (Version 22.00). Question 1 to 
Question 8 in Section I and Question 1 and Question 2 in Section III are analysed in the form of 
percentage to conclude the findings. A more detailed statistical analysis was adopted on other 
questions, which can be seen in Table 3.13. 
 
Table 3.13: Statistical Analysis of the Questionnaire 
Test Description Application 
Descriptive  The mean values of the variables were determined in 
order to rank the variables. 
Section I – Q9  
Section II – Q1 
Section III – Q3, Q4, Q5 
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Kruskal-Wallis H 
(ANOVA) 
An analysis of testing simultaneously any significant 
difference among two or more groups of respondents.   
Section III – Q3, Q4, Q5 
Mann-Whitney U  Similarly with Kruskal-Wallis H test, but only focus 
on testing any significant difference between two 
groups of respondents only at a time.   
Section III – Q3, Q4, Q5 
Reliability The reliability test on the Likert scale used in this 
study in which the values range from 0 to 1, with 
higher values indicating greater reliability.  
Section III – Q3, Q4, Q5 
Factor Analysis A data reduction technique whereas the variables 
could be grouped together or eliminated altogether in 
order to produce more manageable variables. 
Section III – Q3, Q4, Q5 
 
The results were analysed descriptively using the mean value in order to rank the variables. In this 
light, the study conducted the Kruskal-Wallis H test to verify the hypothesis stating that no 
significant difference of the four respondent groups is found. However, this test could not identify 
specific groups that contributed to the differences. The hypothesis shall be retained if the significant 
(sig.) value (p) is more than 0.05 and the hypothesis shall be rejected if it is less than 0.05 (Field, 
2013). If there is any statistical difference after conducting the test, further analysis is required by 
employing a Mann-Whitney U test to identify which groups contribute to the difference. According 
to Pallant (2013), a significant result is found when the value of  probability is less or equal to 0.05. 
This test is aiming to create a conclusion on the presence of differences on the mean variables 
between two independently selected population groups (Field, 2013).  
 
Furthermore, factor analysis was conducted to reduce the variables. According to Pallant (2013), the 
factor analysis technique refines and reduces the available variables towards more manageable 
variables for further analysis. It refers to a statistical technique to group variables into a smaller set 
of components with an objective of simplifying the data (Field, 2013). This method helps the 
authors to finalise the components to be included in future research, of developing an integrated 
management of C&D wastes grounded on the concept of CE using system dynamics software. 
Numerous methods are available in grouping the variables using factor analysis, and consequently, 
this study employed Principal Components Analysis (PCA). The process involved a rotation 
through iterative calculations on the selected components, which can finally generate a smaller set 
of variables called Principal Components (PC). In factor analysis, there are a few options in 
conducting the rotation procedure, including orthogonal Quartimax, orthogonal Varimax and 
orthogonal Equamax. A number of authors have successfully used orthogonal Varimax in the 
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research related to construction (Akintoye, 2000; Leung & Liu, 2003; Ofori & Lean, 2001). 
Therefore, an orthogonal Varimax rotation procedure was used in this study.  
 
Data suitability for factor analysis needs to be assessed by conducting statistical tests in the forms of 
Kaiser-Meyer-Olkin (KMO) and Barlett’s test of sphericity. Barlett’s test of sphericity required a p 
value 0.05 or less, to prove it that it is significant and suitable for factor analysis. Meanwhile, 
according to Tabachnick and Fidell (2007), KMO should be in the range of 0 to 1, and 0.6 is set as 
the minimum value for a good factor analysis. 
 
3.3.5.1 Reliability of Data 
 
As the majority of the questions used a Likert scale of 1 to 5 for measuring the variables, a 
reliability test of data is required. The Cronbach’s coefficient alpha test was done to verify the 
data’s reliability and consistency. According to Sekaran and Bougie (2010), the range of alpha 
values range was set from 0 to 1, where higher values indicate higher reliability. Meanwhile, Pallant 
(2013) added that the alpha value should be greater than 0.7 to make the data more reliable and 
consistent. Table 3.14 summarises the result conducted on the variables that used the Likert scale. 
The results presented show that all the alpha values are more than 0.7, which means that the data 
collected are interrelated and the scales used are reliable.  
 
Table 3.14: Reliability of Data 
Influencing Factor of C&D Waste Generation Cronbach's Coefficient Data 
Section II Q(a): Influencing Factors 0.942 
Waste Minimisation Strategies Cronbach's Coefficient Data 
Section III Q3: Planning and Designing Stage 0.895 
Section III Q4: Procurement Stage 0.908 
Section III Q5: Construction and Demolition Stage 0.932 
 
3.3.6 Summary of Questionnaire 
 
A questionnaire was developed to address Research Objective 3. The outcome of the questionnaire 
will underpin the findings obtained from the Delphi method, and will further enhance the 
preliminary model for C&D waste management in Malaysia. Besides that, in this phase, 
consideration will be given towards the suitability and readiness of Malaysian construction actors to 
incorporate the elements of Re-imagine and Re-design in the construction cycle.  
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The data gathered was analysed using suitable analysis tools as explained in Table 3.13, in order to 
produce a Causal-Loop Diagram (CLD) as a starting point to simulate the C&D waste management 
model. Then, the findings from this phase were presented in two forms: conference paper and 
journal paper. For the conference paper, the result based on the influencing factors of waste 
generation was reported and presented at the 1st International Conference on Liveable Built 
Environment (ICLBE), Bali, Indonesia on 2
nd
 to 4
th
 November 2016. The title was “Influencing 
Factors of Construction and Demolition (C&D) Wastes Generation in Malaysia”. Furthermore, 
the findings from the questionnaire are being transformed into a journal paper with a title of 
“Strategies for Minimising Construction and Demolition Wastes in Malaysia”. The manuscript 
was published in the Journal of Resources, Conservation and Recycling. Both papers were 
compiled and included in this research as Chapter 5. Table 3.15 summarises the approach and 
timeframe to produce both papers. 
 
Table 3.15: Approach and Timeframe (Conference Paper and Journal Paper 2) 
TASK APPROACH TIMEFRAME 
Develop Questionnaire  Finalise the questions that need to be asked based on the 
research objectives and questions.  
 Identify the sampling group and the methods of distribution. 
October 2015 – 
December 2015 
Distribution of 
Questionnaires 
 Distributing the questionnaires to the Contractors, 
Consultants, Developers and Government Agencies in 
Malaysia. 
December 2015 – 
February 2016 
Data Analysis  Analyse the data gathered from the questionnaires. 
 Develop an initial CLD for C&D waste management. 
February 2016 – March 
2016 
Conference Paper  Section 2 of the questionnaire has been extracted and 
transformed into a conference paper. 
 After extensive reviewing process from the advisory team, 
the paper has been submitted to the conference organiser. 
April 2016 – August 
2016 
(The outcome of this 
paper was presented in 
November 2016) 
Journal Paper  The findings (except Section 2) have been compiled and 
used to develop a manuscript.  
 The manuscript was submitted to the Journal of Resources, 
Conservation and Recycling and after a few revisions; the 
manuscript was published on 6th January 2017.  
April 2016 – August 
2016 
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3.4 PHASE 3 – SIMULATION PROCESS (CHAPTER 6) 
 
System Dynamic Modelling (SDM) was originally introduced by Forrester (1958) with the objective 
of studying the dynamics of the model using real scenarios. A number of authors agree that this 
model is a relevant technique to improve the effectiveness of the decision-making process and it has 
been widely used in studies related to construction project management (Jianli & Scott, 2001; 
Rodrigues & Bowers, 1996; Sterman, 1992), as well as in the management of C&D wastes, such as 
H. Yuan (2012) which employed SDM as a tool to investigate the social performance of C&D 
waste management. In addition, there is a study focused on the C&D waste reduction strategies 
during the construction and demolition stage (Ding et al., 2016). Application of SDM to C&D 
waste management will create a better understanding of the complexities of C&D waste 
management (Hao et al., 2008). C&D waste management is a highly complex and dynamic 
scenario, which involves a lot of variables including the stakeholders, strategies, principles etc., to 
understand the whole process of managing the C&D wastes (Hao et al., 2007). SDM will help in 
defining the C&D waste management issues and consequently lessen the environmental impacts of 
the waste generation.  
 
SDM was also successfully applied in various fields such as water management, transportation and 
agricultural fields. Sun et al. (2017) simulated using SDM in the sustainable use of water resources 
in China. Meanwhile, Paucar-Caceres et al. (2017) used SDM to simulate the scarcity of water 
resources due to global climate change. It was also applied in simulating the effect of regulatory 
policies on the sustainable transportation planning (Sayyadi & Awasthi, 2017), as well in the study 
related to the agricultural fields (Ha et al., 2017; Turner et al., 2016; Von Loeper et al., 2016).  
 
Even though there are many applications of SDM in the context of C&D waste management, there 
is a lack of SDM implementation that is focused on the overall aspects of C&D waste management 
throughout the construction cycle. The foregoing literature review clearly suggests that SDM plays 
a vital role in C&D waste management. Thus, this research proposes the use of SDM in evaluating 
the effectiveness of the refined model developed in Phase 2. It should be noted that the SDM 
approach applied in this study is also applicable to other countries. Moreover, the SDM developed 
could quantitatively imitate the relationships between the selected 3R principles of ‘reduce, reuse 
and recycle’ and waste minimisation strategies. 
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3.4.1 SDM Development Processes 
 
According to Sterman (2000), SDM involved five (5) key processes, which are:- 
 
3.4.1.1 Problem Articulation 
 
This is the most important process in SDM whereas the main problem needs to be addressed to 
ensure the usefulness of the model. Firstly, the purpose of the model has to be defined by focusing 
on the problem, and as such, the main problem is the increasing amount of C&D waste. The cause 
of the problem is urbanization; people have created demand for better housing and infrastructure 
development. Next, key variables to be included in the model need to be determined as well. The 
variables should force the causes to the root of the problem (Sapiri et al., 2017). In this study, more 
than 100 variables were identified to be included in the model (see APPENDIX C). A reference 
mode needs to be developed after identifying the variables. According to Sterman (2000), a 
reference mode is a set of literal graphs that plots the behaviour of the variables over time. Then, a 
time horizon has to be set up to investigate how the problem emerges into the future and from the 
past. Finally, numbers of stocks have to be determined, which is also known as a level of 
aggregation. This is decided based on how detailed the model is and also the purpose of the model 
itself.  
 
3.4.1.2 System Description 
 
This is a process where the emergence of the problem is being investigated by displaying the 
relationship of the variables dependently (Sapiri et al., 2017). According to Maani and Cavana 
(2007), the relationships between variables reveal the dynamic process of the model by determining  
the polarity of the relationships; either positive or negative polarity. Polarity is the indication of the 
relationship between two variables in the CLD. Figure 3.2 describes the polarity derived from the 
CLD. 
 
 
 
 
 
 
Figure 3.2: Description of Positive and Negative Polarity 
Positive Polarity 
If cause decreases then effect decreases OR if 
cause increases then effect increases 
Negative Polarity 
If cause decreases then effect increases OR if 
cause increases then effect decreases 
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Furthermore, the connected variables are identified as system feedbacks, in which they can be 
categorised as either reinforcing loops (positive) or balancing loops (negative) (Sterman, 2000). 
System feedback represents a closed path that will end up where it started. Figure 3.3 shows the 
example of system feedback in the form of a balancing loop. The system archetypes were 
identified based on the emergence of the behaviour over time derived from the loop (Braun, 
2002). 
 
 
 
 
 
 
 
Figure 3.3: Example of System Feedback 
 
3.4.1.3 Model Formulation 
 
In this process, the developed CLD was transformed into a Stock-flow Diagram (SFD) by 
formulating the model based on the equations using SDM software. According to Sapiri et al. 
(2017), there are two (2) types of SDM software that can be used in developing the SFD which are:- 
(a) software that require programming skills such as Anylogic (Java), Powersim (C++) and 
Dynamo (Pascal); and 
(b) software that are not using programming language such as STELLA, iThink and Vensim. 
 
Option (a) is not a preferable option to be employed in this study as it might take longer time to get 
familiar with the programming language used in the software. Due to time constraint, option (b) is 
more relevant and according to J. K. Cheng (2010), software that are not using programming 
language has a score of 5 for learning curve (degree of understanding after learning how to develop 
the model). J. K. Cheng (2010) added the software is also more user-friendly and easier to be 
applied by using the “drag and down” window. However, the application of STELLA and iThink 
software requires licences that are need to be bought. Fortunately, Vensim software offers free 
version that could provide features such as multiple views, subscripting, causal tracing and lookup 
function (Sapiri et al., 2017). Therefore, Vensim software is chosen to be employed in this study to 
develop the SFD. SFD will create a platform to analyse the model quantitatively (Sterman, 2000). 
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The variables included in the CLD are then being transferred into SFD in the forms of four 
structural elements including stock, flow, converter and connector. Table 3.16 describes the 
functions of all the structural components in the SFD. 
 
Table 3.16: Structural Components in SFD 
Structural Components Symbol Function 
Stock 
 
 
 
Represented by the rectangular shape, which 
will turn out to be the main source of where 
the flow comes out and also it will 
accumulate all the in-flows.  
Flow 
 
 
 
Flow will deliver (positive flow) or drain 
(negative flow) information into the stock. 
The boundary of the model is being 
indicated by the cloud symbol at the end of 
the flow.  
Converter 
 
 
Represented by the circle shape in which the 
flows could be modified. It is important to 
choose suitable values to the designated 
converter to create functional variables of 
the model. 
Connector 
 
 
 
It is a simple arrow that provides the causes 
and effects of the model.  
Source: (H. Yuan et al., 2012) 
 
3.4.1.4 Model Validation 
 
The model has to be tested to assess its reliability and validity. As suggested by Forrester and Senge 
(1980) and Sterman (2000), the structural and behavioural natures of the model need to be tested to 
provide confidence in overcoming the problem described earlier. Table 3.17 summarises the tests 
and the purpose of each test adopted from Forrester and Senge (1980) and enhanced by (Sterman, 
2000).  
 
Table 3.17: Tests for Model Validation 
No. Test Purpose of Test 
1 Boundary Adequacy 
 To check the problem is being addressed within the model. 
 To assess the behaviour of the model when the boundary is 
unchanged or when the boundary is extended.   
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2 Structure Assessment 
 To investigate the consistency of the model structure. 
 To assess the appropriateness of the level of aggregation. 
 To capture the behaviour of the actors in the system. 
3 Dimensional Consistency  To check the consistency of the given unit on each parameter.  
4 Parameter Assessment 
 To check the assigned value is reasonable even though it was 
obtained based on a judgemental estimation. 
5 Extreme Conditions 
 To gauge the effectiveness of the equation when extreme values 
were included. 
 To examine how the model responded when the policies, shocks 
and parameters changed considerably.  
6 Integration Error  To measure the sensitiveness of the results on the time step. 
7 Behaviour Reproduction 
 To study the behaviour reproduction of interest in the system 
qualitatively and quantitatively.  
 To observe the behaviour of the model in the real system. 
 To check the relationships among the variables. 
8 Behaviour Anomaly 
 To observe the differences occurred on the model behaviour when 
assumptions are changed or deleted. 
9 Family Member 
 To check the possibility of the model to calibrate with other 
instances of the same system. 
10 Surprise Behaviour  To assess any unobserved or unrecognised behaviour of the model. 
11 Sensitivity Analysis 
 To check the behaviour of the model when different values were 
put onto the variables.  
12 System Improvement 
 To measure the model ability to help solve the problem for the 
better.  
 Source: (Forrester & Senge, 1980; Sterman, 2000) 
 
3.4.1.5 Model Evaluation 
 
Once the structure and behaviour of the model were tested and validated, the model has to be 
evaluated for improvements. In evaluating the model, suitable policies were designed by changing 
the values of parameters (Sterman, 2000). He further added that the policies should involve the 
introduction of new strategies or decision rules.  
 
Figure 3.4 describes the processes involved in applying the SDM to the C&D waste management 
model (Sterman, 2000). 
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Figure 3.4: SDM Development Processes 
 
3.4.2 Summary of Simulation Process 
 
In accomplishing Research Objective 4, a simulation process of SDM was employed in this study. 
Similarly, with other phases of this study, the outcome of this phase will be transformed into a 
journal paper. The intended goal of the paper is to simulate the developed model using the SDM 
and make further enhancements to improve the effectiveness of the model. Furthermore, the validity 
of the model could also be tested, and in doing so, the implementation of the model for construction 
projects will become smoother. The result from the simulation process will be reported in the form 
of a manuscript with the title of “Circular Economy-based Construction and Demolition (C&D) 
Waste Management using System Dynamic Modelling”. The manuscript was submitted to Waste 
Management and was also included in this research as Chapter 6. 
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3.5 SUMMARY OF CHAPTER 3 
 
This chapter explained the methodology and design of this research. Three methods were selected 
for data collection, which include the combination of Delphi method and AHP, distribution of 
questionnaire and simulation process using SDM. The chapter has justified the selection of each of 
these methods. The development of the data collection processes through these methods and 
relevant data analysis techniques were also discussed in this chapter.  
 
The detailed analysis of the collected data and the results are presented in the following chapters.   
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Chapter 4 – DATA ANALYSIS: A COMBINATION OF DELPHI METHOD 
AND ANALYTICAL HIERARCHY PROCESS  
 
4.1 INTRODUCTION 
 
A better construction and demolition (C&D) waste management system is becoming increasingly 
essential in the loop of the Malaysian construction industry due to a lack of awareness on the 
environmental and economic implications of waste generation, as well as the increasing amount of 
C&D wastes generated. A preliminary model for managing C&D waste throughout the construction 
cycle has been previously developed, based on the innovative concept of a circular economy (see 
Figure 2.5). A combination of the Delphi method and Analytical Hierarchy Process (AHP) was 
adopted to validate the preliminary model; three rounds of the Delphi method were conducted, in 
which AHP was incorporated in the second round. The aim of this study is to develop a refine 
model that could be aligned with the context Malaysian construction industry. Even though 
Malaysia has been used as a case study to obtain relevant information, the outcome of this study 
will provide awareness to enlighten related organisations across the construction cycle, regarding 
how they can improve the C&D waste management practices.  
 
The methodology applied in this study will provide a platform to develop a holistic model of C&D 
waste management to other countries as well. The preliminary model was developed based on the 
innovative concept of a Circular Economy (CE). According to Thomas et al. (2013), CE is a 
reflection of introducing close-loop systems where resources will be fully utilised in a way that puts 
an extra premium on protecting the environment, as well as shifting stakeholders’ mindset towards 
“turning the waste into wealth”. The concept of CE has been considered as a solution to overcome 
the challenges in controlling the waste generation (Ghisellini et al., 2016; Lieder & Rashid, 2016), 
and it can be successfully implemented by using a three-layer approach of micro, meso and macro 
levels (Yong Geng & Doberstein, 2008; Z. Yuan et al., 2006; D. J. Zhu & Huang, 2005). As shown 
in Figure 2.5, the model was developed using the three-layer approach of CE; each level consists of 
suggested principles and strategies that should be adopted at different stages of the construction 
cycle and responsible organisations need to be assigned to ensure the effectiveness of C&D waste 
management.  
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Therefore, the experts’ views of Malaysian construction actors were taken into consideration in 
developing the circularity-oriented model. These experts include developers, government agencies, 
consultants and contractors, who were required to assess the preliminary model by finalising its key 
components including the 3R principles, responsible organisations and waste minimisation 
strategies. From the validation process, a refine model known as circularity-oriented model was 
developed as an output that can be used for further studies on the development of a C&D waste 
management model using system dynamics, and stock and flow analysis. In the meantime, the 
Delphi method was used to allow the experts to modify their preferences towards a better C&D 
waste management until the desired level of consensus is achieved. To decrease the subjectivity of 
experts’ opinions, the Analytical Hierarchy Process (AHP) was integrated into the Delphi method to 
obtain more reliable, objective results.  
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4.2 PROFILE AND BACKGROUND OF THE EXPERT PANELS 
 
The experts were invited, and the procedure involved was clarified in the invitation email. A 
snowball sampling method was applied, as the authors randomly contacted acquaintances to suggest 
potential experts that qualified in the stated criteria. An invitation email was sent to potential 
experts who met the stated criteria to obtain the most valuable opinions about the research area. 
Fifty potential experts were identified at the initial stage, and an invitation email was sent, for the 
first round of web-based survey. Twenty-five experts responded and after evaluating the 
qualifications of the responded experts, twenty experts were selected. The twenty experts 
represented a wide distribution of stakeholders in the Malaysian construction industry, with six 
consultants and contractors and four from government agencies and developers. The composition of 
this group provided a balanced view for this study. A list of the experts and their positions as 
corresponding stakeholders is given in Table 4.1. 
 
Table 4.1: List of the experts 
 
Position Experience (Years) Quantity 
Consultants Assistant Architect 11 
6 
  Project Architect 18 
  Principal 11 
  Clerk of Works 13 
  Assistant Architect 12 
 Senior Quantity Surveyor 10 
Contractors Director 30 
6 
  Senior Quantity Surveyor 18 
  Environmental Manager 13 
 
  Plant Manager 10 
  Assistant General Manager 13 
 Project Manager 10 
Government Agencies Quantity Surveyor 10 
4 
  Civil Engineer 10 
  Engineer 10 
  Civil Engineer  10 
Developers Project Manager 12 
4 
  Project Executive 10 
  Senior Site Supervisor 12 
 Senior Clerk of Works 17 
TOTAL 20 
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4.3 RESULT AND ANALYSIS 
4.3.1 Round 1: Open-ended Solicitation Questions 
 
Firstly, the experts were required to choose principles of reduce, reuse and recycle that are suitable 
to be adopted at each stage of the construction cycle. Then, the experts were asked who should be 
responsible in emphasising the elements of C&D waste management at each stage of the 
construction cycle among contractors, consultants, government agencies and developers. The 
experts could choose more than one answer to both questions. Multiple-Response Frequencies 
Analysis was used to analyse the result, as shown in Table 4.2. 
 
Table 4.2: Summary of Results for 3R Principles and Organisations 
Stages 
3R Principles Organisations 
Reduce Reuse Recycle Developers Contractors 
Government 
Agencies 
Consultants 
Planning and 
Designing 32.5% 40.0% 27.5% 23.7% 18.6% 27.1% 30.5% 
Procurement 33.3% 27.3% 39.4% 21.4% 19.6% 25.0% 33.9% 
Construction 
and 
Demolition 23.9% 41.3% 34.8% 19.2% 34.6% 21.2% 25.0% 
 
From Table 4.2, it can be summarised that reuse and reduce are the most suitable principles to be 
adopted at the planning and designing stage, with frequencies of 40% and 32.5% respectively. As 
for responsible organisations that could ensure a better implementation of C&D waste management 
at the planning and designing stage, consultants and government agencies were ranked the highest 
with the frequencies of 30.5% and 27.1% respectively. At the procurement stage, recycle and 
reduce were the most opted principles with the frequencies of 39.4% and 33.3% respectively. 
Consultants and government agencies also play a key role in emphasising the elements of C&D 
waste management at the procurement stage. Meanwhile, reuse and recycle were the most suitable 
principles identified by the experts to be adopted at the construction and demolition stage. 
Contractors and consultants were considered to be the responsible organisations to ensure better 
C&D waste management at the construction and demolition stage, with the frequencies of 34.6% 
and 25% respectively.  
 
Furthermore, the strategies suggested by the experts were carefully analysed and the top three 
suggestions were identified in order to finalise the most suitable strategies to be adopted at each 
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stage of the construction cycle. As stated in the Section 3.2.3.2, a list of waste minimisation 
strategies at each stage of the construction cycle was included as reference for the questionnaire. 
However, there were some strategies that had not been listed by the authors but were identified by 
the experts based on their experiences. For instance, some of the experts suggested the importance 
of having recycling-oriented organisations at the construction and demolition stage. The frequencies 
of selection were recorded as shown in Table 4.3. 
 
Table 4.3: Summary of Waste Minimisation Strategies 
Stages Waste Minimisation Strategies Frequencies Rank 
Planning and Designing 
Material Selection (e.g. Eco-Labelling Products) 30.6% 1 
Modern Method of Construction (e.g. IBS) 24.5% 2 
Modular Design (e.g. Modular Coordination) 18.4% 3 
Eco-Industrial Park Development 2% 7 
Eco-Design 14.3% 4 
Cleaner Production Audits 2% 8 
Multi-Functional Building (e.g. Smart Office Home Office) 4.1% 5 
Ease of Disassembly 4.1% 6 
Procurement 
Enhancement of Regulation Related to C&D Waste 28.3% 2 
Awards 5.7% 5 
On-site Sorting Technique of Wastes 13.2% 3 
Off-site Sorting Technique of Wastes 1.9% 7 
Awareness and Training 30.2% 1 
Revision on Standard Form of Contracts 15.1% 4 
Waste Management Plan 5.7% 6 
Construction and 
Demolition 
Monitoring Labourer’s Attitudes 20.7% 2 
Collaborating and Communicating among Project Team 
Members 
13.8% 4 
Recycling Facilities 19% 3 
Site Management (e.g. proper storage facilities) 25.9% 1 
Appropriate Plants for Demolition Works 12.1% 5 
Recycling Oriented Organisations 8.6% 6 
 
The authors then finalised suitable waste minimisation strategies by selecting the top three 
frequencies suggested by the experts. At the planning and designing stage, material selection, 
modern methods of construction and modular design were the most suitable waste minimisation 
strategies to be considered. This shows that the experts are aware of the importance of selecting 
proper and suitable material as well as the ability of modern method of construction, such as the 
Industrialised Building System (IBS) to minimise waste generation. Furthermore, the majority of 
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the experts agree that awareness and training is an important aspect for developing a C&D waste 
management system at the procurement stage. It is important to ensure that all the involved 
stakeholders are fully trained and aware of the elements of C&D waste management before 
commencing work at the construction stage.  Moreover, there is a need to enhance the regulations 
related to C&D waste as it is difficult to ensure C&D waste management is given a priority in the 
construction projects without regulations. Revision on the available standard form of contracts is 
relatively important as there is currently no specific clause regarding the importance of having a 
proper C&D waste management in the standard form of contracts in Malaysia. Finally, monitoring 
labourer’s attitudes and site management are the most frequently selected strategies by experts at 
the construction and demolition stage. Labour’s attitude is one of the influencing factors of waste 
generation; therefore, it is important to carefully monitor it. Furthermore, site management is 
another importance aspect of minimising waste generation at the construction and demolition stage. 
For example, proper storage facilities are required to avoid damages to the materials, and a strategic 
location of the storage is important to avoid double-handling of works. In addition, there is an 
urgent need to increase the number of available recycling facilities in Malaysia. 
 
4.3.2 Round 2: AHP Application 
 
A hierarchy of C&D waste management was developed as shown in Figure 4.1. The hierarchy 
developed was based on results obtained from the previous round. Firstly, the top layer of the 
hierarchy was decided to be the stages involved throughout the construction cycle which are the 
planning and designing stage, procurement stage, and the construction and demolition stage. In the 
first round, the experts were required to decide which principles are most suitable to be adopted at 
different stages of the construction cycle. The authors then choose the top two (2) choices by the 
experts to be adopted at each stage of the construction cycle (Criteria 1). Next, two (2) organisations 
with high frequency levels from the experts were included in the hierarchy (Criteria 2). Finally, 
three (3) waste minimisation strategies were included in the hierarchy (Alternatives).  
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Figure 4.1: Hierarchy of C&D Waste Management
MAIN OBJECTIVE 
SUB-OBJECTIVE 
CRITERIA 1 
CRITERIA 2 
ALTERNATIVE 1 
ALTERNATIVE 2 
ALTERNATIVE 3 
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Table 4.4 summarises the level of priority for Criteria 1 (principles) and Criteria 2 (organisations). 
As mentioned in Section 4.3.3.2, the larger value of each criteria or alternative should be prioritised.  
 
Table 4.4: Priorities of Criteria 1 and Criteria 2 
Sub-Objective Criteria 1 Priority Criteria 2 Priority 
Planning and Designing Stage 
Reduce 0.723 Government Agencies 0.505 
Reuse 0.277 Consultants 0.495 
Procurement Stage 
Reduce 0.682 Government Agencies 0.641 
Recycle 0.318 Consultants 0.359 
Construction and Demolition Stage 
Reuse 0.634 Contractors 0.663 
Recycle 0.366 Consultants 0.337 
 
From Table 4.4, it can be seen that priority should be given towards the reducing principle in 
minimising the waste generation at the planning and designing and procurement stages with values 
of 0.723 and 0.682 respectively. Government agencies should play an important role in ensuring 
elements of C&D waste management are implemented at those stages. At the construction and 
demolition stage, the reuse principle should be prioritised with a value of 0.634 and contractors 
should be responsible in emphasising better C&D waste management with a value of 0.663.  
 
The experts were also required to assess the level of priority of waste minimisation strategies by 
considering the 3R principles with alternatives as shown in the hierarchy. For example, at the 
planning and designing stage, is material selection more important than the modern method of 
construction if the reduce principle is being considered? Or is the modern method of construction 
more important than material selection if the reuse principle is being considered? Table 4.5 
summarises the level of priority for each alternative. 
 
Table 4.5: Priorities of Alternatives 
Sub-Objective Principles Alternatives Priority 
Planning and Designing Stage 
Reduce 
Material Selection (e.g. Eco-Labelling Products) 0.335 
Modern Method of Construction (e.g. Industrialised 
Building System) 
0.363 
Modular Design (e.g. Modular Coordination) 0.302 
Reuse 
Material Selection (e.g. Eco-Labelling Products) 0.417 
Modern Method of Construction (e.g. Industrialised 
Building System) 
0.223 
Modular Design (e.g. Modular Coordination) 0.360 
Procurement Stage Reduce Enhancement of Regulation Related to C&D Waste 0.436 
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Awareness and Training 0.351 
Revision on Standard Form of Contracts 0.213 
Recycle 
Enhancement of Regulation Related to C&D Waste 0.307 
Awareness and Training 0.434 
Revision on Standard Form of Contracts 0.259 
Construction and Demolition 
Stage 
Reuse 
Monitoring Labourer’s Attitudes 0.267 
Recycling Facilities 0.207 
Site Management (e.g. proper storage facilities) 0.525 
Recycle 
Monitoring Labourer’s Attitudes 0.329 
Recycling Facilities 0.298 
Site Management (e.g. proper storage facilities) 0.373 
 
At the planning and designing stages, modern methods of construction should be prioritised when 
considering the reduce principle to minimise waste generation with the highest score of 0.363. 
When considering the principle of reuse, material selection obtained the highest score (0.417) and 
should be prioritised. Meanwhile, at the procurement stage, the order of prioritization is an 
enhancement of the regulation related to C&D waste, awareness and training as well as revisions of 
the standard form of contracts (from best to worst). Enhancement of regulations related to C&D 
waste obtained the highest score at 0.436 and is considered best for reducing waste generation. 
Awareness and training is considered important in emphasising the recycle principle at the 
procurement stage with the highest score, 0.434. Furthermore, site management is considered the 
most important strategy in minimising the waste generation when considering both principles of 
reuse and recycle at the construction and demolition stages, with the scores of 0.525 and 0.373 
respectively.  
 
Table 4.6 shows the result of CR calculation. As can be seen in the table, the results were 
consistent, as all the CR values were below 0.1. 
 
Table 4.6: Consistency Ratio (CR) for Waste Minimisation Strategies 
Sub-Objective Principles Alternatives λmax CI CR 
Planning and 
Designing Stage 
Reduce 
Material Selection (e.g. Eco-Labelling Products) 
3.0139 0.0069 0.0118 
Modern Method of Construction (e.g. 
Industrialised Building System) 
Modular Design (e.g. Modular Coordination) 
Reuse 
Material Selection (e.g. Eco-Labelling Products) 
3.1135 0.0568 0.0979 
Modern Method of Construction (e.g. 
Industrialised Building System) 
Modular Design (e.g. Modular Coordination) 
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Procurement 
Stage 
Reduce 
Enhancement of Regulation Related to C&D 
Waste 
3.0361 0.0181 0.0312 
Awareness and Training 
Revision on Standard Form of Contracts 
Recycle 
Enhancement of Regulation Related to C&D 
Waste 
3.1133 0.0567 0.0978 
Awareness and Training 
Revision on Standard Form of Contracts 
Construction and 
Demolition Stage 
Reuse 
Monitoring Labourer’s Attitudes 
3.0036 0.0018 0.0031 Recycling Facilities 
Site Management (e.g. proper storage facilities) 
Recycle 
Monitoring Labourer’s Attitudes 
3.0002 0.0001 0.0002 Recycling Facilities 
Site Management (e.g. proper storage facilities) 
 
4.3.3 Round 3: Consensus Stage 
 
Table 4.7 and Table 4.8 show the results obtained in the third round of Delphi, through the first 
consensus stage for 3R principles, organisations, and waste minimisation strategies respectively. 
Based on Tables 4.7 and 4.8, few elements did not achieve the minimum level of consensus which 
is 60%. Therefore, a second cycle of the consensus stage was conducted by focusing on the 
elements that did not achieve the 60% level of consensus.  
 
Table 4.9 and Table 4.10 summarise the second cycle of consensus stage. 
 
Table 4.7: Level of Consensus for 3R Principles and Organisations (First Cycle) 
Construction Cycle 3R Principles and Organisations Rank Level of Consensus (%) 
Planning and Designing Stage 
Reduce 1 89.47 
Reuse 2 89.47 
Government Agencies 1 52.63 
Consultants 2 52.63 
Procurement Stage 
Reduce 1 84.21 
Recycle 2 84.21 
Government Agencies 1 73.68 
Consultants 2 73.68 
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Construction and Demolition 
Stage 
Reuse 1 89.47 
 
Recycle 2 89.47 
Contractors 1 78.95 
Consultants 2 78.95 
 
Table 4.8: Level of Consensus for Waste Minimisation Strategy (First Cycle) 
Construction Cycle Principles Alternatives Rank 
Level of 
Consensus (%) 
Planning and Designing 
Stage 
Reduce 
Modern Method of Construction (e.g. 
Industrialised Building System)  
1 42.11 
Material Selection (e.g. Eco-Labelling 
Products) 
2 31.58 
Modular Design (e.g. Modular Coordination) 3 68.42 
Reuse 
Material Selection (e.g. Eco-Labelling 
Products) 
1 52.63 
Modular Design (e.g. Modular Coordination)  2 57.89 
Modern Method of Construction (e.g. 
Industrialised Building System) 
3 52.63 
Procurement Stage 
Reduce 
Enhancement of Regulation Related to C&D 
Waste 
1 84.21 
Awareness and Training 2 42.11 
Revision on Standard Form of Contracts 3 47.37 
Recycle 
Awareness and Training  1 94.74 
Enhancement of Regulation Related to C&D 
Waste 
2 78.95 
Revision on Standard Form of Contracts 3 78.95 
Construction and 
Demolition Stage 
Reuse 
Site Management (e.g. proper storage 
facilities)  
1 94.74 
Monitoring Labourer’s Attitudes 2 73.68 
Recycling Facilities 3 73.68 
Recycle 
Site Management (e.g. proper storage 
facilities)  
1 73.68 
Monitoring Labourer’s Attitudes 2 31.58 
Recycling Facilities 3 31.58 
 
Table 4.9: Level of Consensus for Organisations (Second Cycle) 
Construction Cycle Organisations Previous Rank Latest Rank Level of Consensus (%) 
Planning and Designing 
Stage 
Government Agencies 1 1 89.47 
Consultants 2 2 89.47 
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Table 4.10: Level of Consensus for Waste Minimisation Strategy (Second Cycle) 
Construction 
Cycle 
Principles Alternatives 
Previous 
Rank 
Latest 
Rank 
Level of 
Consensus 
(%) 
Planning and 
Designing Stage 
Reduce 
Modern Method of Construction (e.g. 
Industrialised Building System)  
1 2 63.16 
Material Selection (e.g. Eco-Labelling 
Products) 
2 1 63.16 
Modular Design (e.g. Modular 
Coordination) 
3 3 89.47 
Reuse 
Material Selection (e.g. Eco-Labelling 
Products) 
1 1 68.42 
Modular Design (e.g. Modular 
Coordination)  
2 2 84.21 
Modern Method of Construction (e.g. 
Industrialised Building System) 
3 3 63.16 
Procurement Stage Reduce 
Enhancement of Regulation Related to 
C&D Waste 
1 1 84.21 
Awareness and Training 2 3 84.21 
Revision on Standard Form of Contracts 3 2 68.42 
Construction and 
Demolition Stage 
Recycle 
Site Management (e.g. proper storage 
facilities)  
1 1 73.68 
Monitoring Labourer’s Attitudes 2 3 89.47 
Recycling Facilities 3 2 63.16 
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4.4 DISCUSSION  
 
Three rounds of Delphi method were conducted in this study. Waste management strategies and the 
appropriate principles that should be given consideration were identified. A consensus was also 
reached regarding the responsible organisations for C&D waste management. The preliminary 
model was validated, based on results obtained from the third round of Delphi method. Then, a 
circularity-oriented model of C&D waste management was developed, as shown in Figure 4.2. At 
the planning and designing stage, the identified waste minimisation strategies of modern methods of 
construction, material selection and modular design should be able to reduce the waste generation. 
To ensure the implementation of these strategies, government agencies and consultants should play 
a vital role. At the procurement stage, the reduce and reuse principles should be integrated to 
control waste generation. Again, the government agencies and consultants should be involved in 
ensuring the application of suggested strategy such as enhancement of regulations, awareness and 
training, and revision on standard form of contracts. Finally, at the construction and demolition 
stage, site management, monitoring labourer’s attitudes and recycling facilities are the three 
finalised waste minimisation strategies. Reuse and recycle principles should be employed at this 
stage to ensure the waste generated would be managed properly. 
 
A problem encountered in conducting the Delphi method was that the successful rounds were 
extremely time-consuming: this study took about three months to complete the three rounds. In each 
round of the Delphi method, an email was sent to remind unresponsive experts and occasionally the 
dateline had to be extended to accommodate the experts. The Delphi method required high 
commitment from all the experts and therefore, simple yet sufficient questionnaires were developed 
for each round to ensure the experts stayed involved until the last round of the Delphi method. The 
wording used in the development of the questionnaires was carefully selected, and user-friendly, 
web-based survey software was used as it was highly important to maintain a high level of response 
from all the experts until the last round of Delphi. This study was undertaken with relative success 
in that a response rate of 50% was achieved in the first round, 100% in the second round and 95% 
in the third round.  
 
Developing a C&D waste management model that can be used throughout the construction cycle is 
relatively difficult as the waste management strategy varies depending on the popularity, 
geographical aspects and types of the projects. This study was conducted based on the context of 
the Malaysian construction industry; the expert’s opinions were also derived from the Malaysian 
context. The Delphi method relies highly on the commitment of the experts. However, this method 
Chapter 4 –Delphi Method And AHP Application 
118 | P a g e  
 
was found to be appropriate for defining suitable elements for the development of C&D waste 
management. With the incorporation of the AHP technique in the second round of Delphi, the 
outcomes of this study were enhanced. The pair-wise comparison conducted was helpful in 
determining the most important elements of C&D waste management. Furthermore, the results 
illustrate vividly that there is a significant improvement in the consistency of the elements of C&D 
waste management over the successive Delphi rounds. Thus, the Delphi method with the 
incorporation of AHP has produced a circular model that could be useful in developing system 
dynamic modelling in the future research.  
 
Future development of the research includes the development of a simulation process of C&D waste 
management based on the CE concept using system dynamic modelling. The circular model 
developed in this study will be used to develop a causal-loop diagram (CLD) as an initial step of 
developing system dynamic modelling. In addition, as the context of the study focused locally in 
Malaysia, future research should be conducted in other geographic locations to distinguish the 
suitable C&D waste minimisation principles and strategies. A more detailed study, which is focused 
on a different stage of the construction cycle, also can be explored for future research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2: A Circularity-Oriented Model of C&D Waste Management in Malaysia 
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4.5 SUMMARY OF CHAPTER 4 
 
In this chapter, a preliminary model developed in Chapter 2.8 was validated based on the selected 
twenty experts’ opinions in Malaysia. The selected 3R principles, waste minimisation strategies and 
responsible organisations in the preliminary model were analysed by examining its suitability in the 
context of Malaysian construction industry. The Delphi method was identified to be suitable to 
assess the various selections, such as the waste minimisation strategies. Also, AHP was employed 
in the Delphi method to enhance the result by prioritising the most suitable selection to develop a 
better C&D waste management system.  
 
After the validation process using a combination of Delphi and AHP methods, a circularity-oriented 
model was developed. The findings revealed the suitable 3R principles, three most suitable waste 
minimisation strategies and two most responsible organisations to be employed in the management 
of C&D wastes in Malaysia. However, the authors believed the findings should be enhanced and at 
the same time, the influencing factors of C&D waste generation and the motivational factors to 
adopt a better C&D waste management should be scrutinised. Therefore, a questionnaire was 
developed to enhance the results obtained in this chapter. The questionnaire would also help to 
determine the main influencing factors of waste generation and the motivational factors to adopt a 
better C&D waste management in Malaysia. The following chapter discussed the process involved 
in achieving this objective. 
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Chapter 5 – ANALYSIS OF QUESTIONNAIRE DATA 
(Published in the Journal of Resources, Conservation and Recycling) 
 
5.1 INTRODUCTION 
 
The questionnaire is a research instrument that is widely used as a data collection technique 
(Bryman, 2015; Y. P. Chua, 2012; Sekaran & Bougie, 2010). It has been commonly employed to 
determine the views, opinions and facts of the research subjects descriptively and analytically. The 
questionnaire should be covered a wide range pertaining to the subject concerned. Sekaran and 
Bougie (2010) further suggested that the questionnaire should be designed systematically to obtain 
the largest possible response rate which enables a meaningful analysis to be carried out.  
 
This study was conducted to identify key principles and strategies in developing an integrated 
management of C&D waste via questionnaire sent to the key stakeholders in the construction 
industry. The final version of the survey involved 85 questions and it was sent to 480 construction 
actors. A questionnaire was designed and distributed to the government agencies, developers, 
consultants and contractors, to enhance the results obtained from the Delphi method and AHP. The 
data obtained were then analysed and a Causal-Loop Diagram (CLD) of management of C&D 
wastes was derived. CLD is a conceptual model that describes the interactions of the selected 
variables through the dynamic process (Sterman, 2000). This can be used as a starting point for 
future research on integrating the CE concept as an approach to reduce the generation of C&D 
waste during the construction cycle using the system dynamics modelling. The development of 
CLD is imperative in portraying the structure of the system dynamics modelling itself; in this case, 
the key principles and strategies of C&D waste minimisation. The Statistical Package for the Social 
Sciences (SPSS) for Windows (Version 22.00) was used to analyse the data.  
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5.2 RESULTS AND DISCUSSION 
5.2.1 Results of Section I 
 
Only 167 questionnaires were submitted back within three months after they were distributed, hence 
the total response rate was 34.8%. Table 5.1 summarises the breakdown of the respondents 
including the organisations and percentage.  
 
Table 5.1: Respondent Breakdown 
Groups Sources Distributed Responded Percentage 
Government Agencies 
Local Authorities 
Government Departments 
City Councils 
CIDB 
Universities 
50 26 52% 
Developers REHDA 50 19 38% 
Consultants 
Malaysian Institute of Architects 
Board of Engineers 
Board of Surveyors 
120 37 31% 
Contractors CIDB 260 85 33% 
TOTAL 480 167 34.8% 
 
As mentioned in Section 3.3.2, Section I of the questionnaire was focused on the information about 
the respondents’ background, issues linked to the management of C&D waste, as well as the 
awareness on CE. Table 5.2 summarises the information about the respondents’ background. Most 
of the respondents were in the category of a higher level. The survey involved respondents who had 
vast construction industry working experience: 43.1% of the respondents had been involved for at 
least 5 years in the construction industry, 31.7% between 5 to 10 years and 25.1 % above 10 years.  
 
The majority of the respondents agreed that the performance of C&D waste management in 
Malaysia is poor (41.3%). Besides that, 97.6% of the respondents agreed that each stage of the 
construction cycle contributes to the production of C&D waste. Nevertheless, the majority of the 
respondents (97.6%) agreed that the C&D waste generation needs to be managed in all stages of the 
construction cycle. When priority is given towards a better management of C&D waste during the 
initial stage of the construction cycle, for example, at the planning and designing stage, the amount 
of C&D waste generated could be minimised. In addition, on the awareness of the existence of CE, 
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the majority of the respondents (59.9%) had not heard about the concept of CE. This result shows 
that this concept is still new in Malaysia.     
 
Table 5.2: Summaries of Respondents’ Background 
Variables Number of respondents Percentage (%) 
Position of respondents 
Higher Level 
 
72 
 
43.1 
Middle Level 68 40.7 
Lower Level 27 16.2 
Working experience   
Below 5 years 72 43.1 
5 to 10 years 53 31.7 
Above 10 years 42 25.1 
Performance of C&D waste 
management 
  
Poor 69 41.3 
Satisfactory 68 40.7 
Good 26 15.6 
Very Good 4 2.4 
Outstanding 0 0 
C&D waste generated throughout 
construction cycle 
  
Yes 163 97.6% 
No 4 2.4% 
C&D waste management 
throughout construction cycle 
  
Yes 163 97.6% 
No 4 2.4% 
Existence of CE   
Yes 67 40.1% 
No 100 59.9% 
 
Finally, Table 5.3 summarises the motivation factors that influence the organisations to establish a 
proper management of C&D wastes. In this question, the respondents were required to assess the 
five listed factors of improve the organisation’s public image, increase commitment to 
environmental sustainability, reduce costs, improve health and safety work conditions and increase 
the organisation’s competitiveness, using a Likert scale of 1–5 (1 represents not important and 5 
represents extremely important). Based on the result, the motivation factors that could influence the 
organisations are: (1) increase commitment to environmental sustainability with a mean value of 
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4.22, (2) improve health and safety work conditions (4.17), (3) reduce costs (3.98), (4) improve the 
organisation’s public image (3.74) and (5) increase the organisation’s competitiveness (3.74). The 
result shows that the players in the Malaysian construction industry are aware of the importance of 
protecting the environment and in line with the objective of Construction Industry Transformation 
Plan (CITP) developed by CIDB (CIDB, 2015).  
 
Table 5.3: Factors to Establish C&D Waste Management 
Factors to establish C&D waste management 
Responses  
Percentage (%) 
 
Mean Value 
 
Ranking 
*1 *2 *3 *4 *5 
Improve the organisation’s public image 3.0 7.2 31.7 29.3 28.7 3.74 4 
Increase commitment to environmental 
sustainability 
0.0 1.2 17.4 40.1 41.3 4.22 1 
Reduce costs 1.8 6.0 20.4 36.5 35.3 3.98 3 
Improve health and safety work conditions 0.6 2.4 22.2 28.7 46.1 4.17 2 
Increase the organisation’s competitiveness 3.0 9.0 26.3 34.7 26.9 3.74 5 
(*1 = Not important; *2 = Somewhat important; *3 = Important; *4 = Very important; *5 = Extremely important) 
 
5.2.2 Results of Section II  
 
Table 5.4 represents the influencing factors of C&D waste generation that need to be considered by 
the respondents. Descriptive analysis was carried out in order to determine the mean value of the 
influencing factors. By determining the mean value, the level of importance of influencing factors 
could be identified. The higher the mean value represents the higher rank position of the influencing 
factors. Based on Table 5.4, five influencing factors were rated critical. The majority of the 
respondents agreed that lack of on-site materials and waste management plan (OT2) is the main 
influencing factor of C&D waste generation with a mean value of 4.22. A number of authors 
suggested the importance of giving priority towards material management to minimise waste 
generation (Gangolells et al., 2014; Yean Yng Ling & Song Anh Nguyen, 2013). In addition, a 
waste management plan (WMP) should be employed at the initial stage of construction projects. 
The use of WMP will help the construction actors to predict waste generation, develop a plan to 
minimise waste and set allowable waste generation (Bossink, 1996; Tam, 2008b). Inappropriate 
storage leading to damage or deterioration (MH2) is ranked second by the respondents with a 
mean value of 4.08. According to Arif et al. (2012), materials should be stored properly to avoid 
unnecessary waste due to damage. Improper storage of materials has a high possibility of casualty 
that could lead to waste generation (Lu et al., 2011; J. Y. Wang et al., 2008). According to Osmani 
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et al. (2008), design is very critical in the construction industry and in this study, the respondents 
agreed that changes in design (D3) and lack of influence of contractors and lack of knowledge about 
construction (D8) will influence waste generation with a mean value of 4.07 and 3.99 respectively. 
The result is in line with the opinions from various authors around the world (Lu et al., 2011; Poon, 
Yu, Wong, et al., 2004; Tam et al., 2007). Finally, throwaway packaging (MH4) from the ordered 
materials was also rated critical by the respondents with a mean value of 3.97. The existence of 
packaging will add more pressure to the construction actors to properly minimise the waste 
generation (Bossink, 1996). This result is supported by the findings from previous studies 
(Kofoworola & Gheewala, 2009; Llatas, 2011). To overcome this problem, Gangolells et al. (2014) 
suggested implementing the on-site sorting technique of waste to ensure that the waste that could be 
reused or recycled would not go to the landfills. 
 
Table 5.4: Rank of Influencing Factors 
Source Influencing Factors (Codes) Mean Rank 
Other  OT2 4.22 1 
Material Handling MH2 4.08 2 
Design  D3 4.07 3 
Design  D8 3.99 4 
Material Handling  MH4 3.97 5 
Residual  R3 3.96 6 
Demolition  DE2 3.95 7 
Operation  OP1 3.95 8 
Material Handling MH1 3.95 9 
Operation  OP6 3.93 10 
Operation  OP5 3.92 11 
Demolition  DE1 3.92 12 
Residual  R4 3.90 13 
Design  D5 3.90 14 
Design  D7 3.89 15 
Design  D6 3.87 16 
Residual  R2 3.86 17 
Residual  R1 3.84 18 
Design  D4 3.83 19 
Procurement  P1 3.83 20 
Material Handling MH3 3.82 21 
Operation  OP8 3.78 22 
Procurement  P3 3.78 23 
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Operation  OP7 3.69 24 
Design  D1 3.64 25 
Residual  R5 3.61 26 
Design  D2 3.60 27 
Operation  OP9 3.60 28 
Operation  OP4 3.59 29 
Operation  OP2 3.57 30 
Procurement  P2 3.53 31 
Other  OT1 3.51 32 
Operation  OP3 3.46 33 
 
Furthermore, a more detailed analysis was carried out. First, a normality test by means of 
Kolmogorov-Smirnov test was conducted to identify a suitable type of analysis to be employed in 
this study; either parametric or non-parametric test. A significant (sig.) value of more than 0.05 
indicates normality and in this study, sig. value is less than 0.05. Besides that, the type of 
measurement scale used in the data could also determine the type of statistical test (Easterby-Smith 
et al., 2012). In this particular study, the data generated are in the form of a Likert scale. Therefore, 
non-parametric tests were employed to further analyse the data obtained from the respondents.   
 
As the respondents consisted of four groups of stakeholders (developers, government agencies, 
contractors and consultants), the authors have decided to compare the response among the 
respondents and test the hypothesis. There are two types of hypothesis; alternative and null 
hypothesis. The authors investigated the test based on null hypothesis. Null hypothesis is a process 
where the authors are trying to disprove any possibility of statistical difference among the groups of 
respondents (Field, 2013). Therefore, a Kruskal-Wallis H test is appropriate to seek the differences 
among the respondents and investigate the null hypothesis; either accepted or not. First, the authors 
anticipated the five influencing factors that are rated critical by each group of the respondents. 
Table 5.5 summarises the rank based on mean value by the government agencies, developers, 
consultants and contractors. The result shows the government agencies listed the influencing factors 
that covered every aspect of the construction cycle. For instance, government agencies agreed that 
lack of on-site materials control and waste management plan (OT2) given at the early stage of the 
construction cycle would generate more wastes and indirectly harm the environment. The 
construction stage is also critical as improper storage of materials (MH2) and error done by the 
labours (OP1) will influence the waste generation. Furthermore, the government agencies were also 
concerned about the residual waste that could occur because of overmixing of materials for wet 
trades due to a lack of knowledge of requirements (R3). Consultants perceived that similar 
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perceptions as the influencing factors of waste generation could occur at every stage of the 
construction cycle. Likewise, developers as a private client are more focussed on the influencing 
factors of waste generation at the design stage. There were 3 out of 5 critical factors (D5 - choice of 
low quality products, D4 - choices about specifications of products and D3 - changes in design) 
ranked by the developers that occurred at the design stage. This result shows that the design stage is 
crucial in minimising waste generation. Meanwhile, the contractors have listed the influencing 
factors that are relatively happening only at the construction stage. For example, changes in design 
(D3), throwaway packaging (MH4) and improper storage of materials (MH2) could happen during 
the construction stage due to lack of knowledge, effective management and communication among 
the construction actors. 
 
Table 5.5: Summary of Rank of Influencing Factors by Each Group of Respondents 
 
Next, the authors tested the null hypothesis of the study. According to Field (2013), with sig. value 
(p) more than 0.05, the null hypothesis shall be retained, and at less than 0.05, the null hypothesis 
shall be rejected. Table 5.6 summarises the p value of all the influencing factors. Based on our 
result, two influencing factors of choice of low quality products (D5) and choices about 
specifications of products (D4) have p value less than 0.05, these being 0.021 and 0.019 
respectively. This implies that the null hypothesis for these factors shall be rejected.   
 
Table 5.6: p Value of Influencing Factors 
Source Influencing Factors (Codes) Chi-Square Value 
Kruskal Wallis  
Sig. p 
Other  OT2 1.179 0.758 
Material Handling MH2 6.357 0.095 
Design  D3 5.382 0.146 
                          Influencing Factors 
 Respondents                                                
1 2 3 4 5 
Government Agencies OT2 MH2 R3 OP1 DE2 
Mean Values 4.31 4.19 4.19 4.19 4.15 
Developers D5 OT2 MH2 D4 D3 
Mean Values 4.47 4.37 4.37 4.37 4.32 
Consultants  OT2 MH2 D3 D8 DE2 
Mean Values 4.19 4.19 4.19 4.05 4.00 
Contractors OT2 D3 MH4 OP5 MH2 
Mean Values 4.16 3.98 3.98 3.98 3.94 
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Design  D8 0.682 0.877 
Material Handling  MH4 0.820 0.845 
Residual  R3 3.340 0.342 
Demolition  DE2 2.527 0.470 
Operation  OP1 2.713 0.438 
Material Handling MH1 2.280 0.516 
Operation  OP6 0.098 0.992 
Operation  OP5 1.461 0.691 
Demolition  DE1 2.165 0.539 
Residual  R4 1.191 0.755 
Design  D5 9.730 0.021* 
Design  D7 4.967 0.174 
Design  D6 6.887 0.076 
Residual  R2 2.201 0.532 
Residual  R1 2.549 0.467 
Design  D4 9.930 0.019* 
Procurement  P1 0.283 0.963 
Material Handling MH3 1.398 0.706 
Operation  OP8 1.807 0.613 
Procurement  P3 2.980 0.395 
Operation  OP7 0.583 0.900 
Design  D1 2.862 0.413 
Residual  R5 1.666 0.644 
Design  D2 5.145 0.161 
Operation  OP9 7.727 0.052 
Operation  OP4 0.141 0.987 
Operation  OP2 1.222 0.748 
Procurement  P2 4.748 0.191 
Other  OT1 1.042 0.791 
Operation  OP3 7.475 0.058 
 
Therefore, a further analysis of these influencing factors is required. The Mann-Whitney U test is 
applied to assess the occurrence of statistical differences when comparing two groups of 
respondents at a time. The significance levels need to be considered by determining the probability 
value derived from the test. If the probability value is less or equal to 0.05, the result is significant 
(Field, 2013). Table 5.7 summarises the result obtained from the Mann-Whitney U test. 
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Table 5.7: Mann-Whitney U Test 
According to Pallant (2013), if there is a significant difference between the groups, the direction of 
the difference could be determined by identifying the group that has a higher mean value (see Table 
5.5). With regards to choice of low quality products (D5), the test revealed that government 
agencies and consultants contributed to the significant differences between the groups (government 
agencies vs consultants, p = 0.607; contractors vs government agencies, p = 0.524; and contractors 
vs consultants, p = 0.977). For choices about specifications of products (D4), the test reveals once 
again that the government agencies and consultants contributed to the significant differences 
(government agencies vs consultants, p = 0.493; contractors vs government agencies, p = 0.991; and 
contractors vs consultants, p = 0.342). 
 
5.2.3 Results of Section III 
 
The respondents were asked to explore the suitability of adopting the 3R principles at the different 
stages of construction cycle in Section III of the questionnaire. They were also required to consider 
integrating the elements of re-imagine and re-design at the initial stage of the construction cycle. 
Table 5.8 and Table 5.9 summarise the result of the adoption of 3R principles at the different stages 
and integration of re-imagine and re-design at the initial stage respectively. Most of the respondents 
agreed that the principle of “reduce” should be established at the stages of planning and designing; 
and procurement with frequencies of 48 (28.7%) and 37 (22.2%) respectively. Likewise in the 
construction and demolition stage, the respondents argued that the key players in the construction 
industry should consider the 3R principles of ‘reduce, reuse and recycle’ in minimising C&D waste 
generation with a frequency of 75 (44.9%). Besides that, the majority of the respondents agreed to 
integrate the elements of re-imagine and re-design at the initial stage of the construction cycle. 
 
 
 
                                                                Influencing Factors 
 Groups Comparison                                                
 
D5 
 
D4 
Developers vs Contractors 0.002 0.003 
Government Agencies vs  Consultants   0.607 0.493 
Developers vs  Government Agencies  0.026 0.018 
Developers vs Consultants  0.012 0.017 
Contractors vs  Government Agencies 0.524 0.991 
Contractors vs  Consultants    0.977 0.342 
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Table 5.8: Results on the 3R Principles of Reduce, Reuse and Recycle 
Construction Stages Frequencies Percentage (%) 
Planning and Designing  
Reduce 
 
48 
 
28.7 
Reuse 27 16.2 
Recycle 14 8.4 
Reduce & Reuse 20 12.0 
Reduce & Recycle 4 2.4 
Reuse & Recycle 15 9.0 
Reduce, Reuse & Recycle 39 23.4 
Procurement    
Reduce 37 22.2 
Reuse 34 20.4 
Recycle 18 10.8 
Reduce & Reuse 17 10.2 
Reduce & Recycle 6 3.6 
Reuse & Recycle 28 16.8 
Reduce, Reuse & Recycle 27 16.2 
Construction and Demolition    
Reduce 8 4.8 
Reuse 12 7.2 
Recycle 27 16.2 
Reduce & Reuse 4 2.4 
Reduce & Recycle 9 5.4 
Reuse & Recycle 32 19.2 
Reduce, Reuse & Recycle 75 44.9 
 
Table 5.9: Results on the Integration of Re-imagine and Re-design Elements 
Level of Agreement 
Re-imagine Re-design 
Frequencies Percentage (%) Frequencies Percentage (%) 
Yes 155 92.8 156 93.4 
No 12 7.2 11 6.6 
 
Question 3 in Section III required the respondents to assess the suitable waste minimisation 
strategies to be adopted at the stages of planning and designing. The suitability of waste 
minimisation strategies at the stages of procurement and construction and demolition need to be 
assessed by the respondents on Question 4 and 5 respectively. The data obtained were analysed by 
determining the mean value to rank the strategies; the higher the mean value, the higher the rank 
position. Table 5.10 summarises the waste minimisation strategies on each stage of the construction 
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cycle. There are two sections included in this table; the first is the ranking of the overall mean value 
of the respondents and the second is about the comparisons of the mean values among the group of 
respondents.  
 
Firstly, an overall mean value was measured to rank the strategies. In this study, the authors 
specifically focused on the top three strategies selected by the respondents. At the planning and 
designing stage, a modern construction method (PD2) should be applied in order to minimise the 
waste generation with a mean value of 4.07. In Malaysia, there are many government initiatives to 
increase IBS adoption as the study conducted by Lachimpadi et al. (2012) showed that IBS could 
minimise waste generation. The respondents ranked material selection (PD1) as the second priority 
in minimising waste generation with a mean value of 4.04. A number of authors agreed that the 
selection of materials is very critical; inappropriate material could influence waste generation 
(Huang et al., 2013; Low et al., 2014; Poon, Yu, & Jaillon, 2004; Urio & Brent, 2006). The usage of 
eco-labelling products could help to minimise waste generation and indirectly to mitigate the 
environmental impacts of the materials as well (Low et al., 2014). The next strategy ranked by the 
respondents is the implementation of modular design to promote standardization of construction 
materials and elements (PD3) with a mean value of 4.00. In Malaysia, the introduction of Modular 
Coordination (MC) has enhanced the implementation of standardization in designing the building 
components (CIDB, 2003). Meanwhile, at the procurement stage, the top three strategies selected 
by the respondents are awareness and training on waste management (P5), revision on standard 
form of contracts are required to ensure the waste management plan compulsory (P6) and 
enhancement of regulation related to construction waste (P3) with mean values of 4.19, 4.00 and 
3.98 respectively. The awareness of the importance of having a proper management of C&D wastes 
in developing countries is still lacking, and only the government perspectives play a key role in 
conducting training to increase this awareness (Arif et al., 2012). The available standard of form 
contracts in Malaysia, such as Persatuan Arkitek Malaysia (PAM) Contract 2006 and Public Work 
Department (PWD) Form 203 (Revision 1/2010) did not give strong emphasis on having a proper 
management of C&D wastes. In addition, a regulation related to the management of C&D wastes 
should be enhanced to align with the “Strategic Recommendation for Improving Environmental 
Practices in Construction Industry” introduced by the Construction Industry Development Board 
(CIDB) of Malaysia (CIDB, 2007). Finally at the construction and demolition stage, the majority of 
the respondents listed site management (CD8) as the top priority to control waste generation with a 
mean value of 4.31. For instance, according to Arif et al. (2012) and Ping et al. (2009), materials 
should be stored properly to avoid faulty or damages to the materials and indirectly contributed to 
the waste generation. C&D waste could be generated due to the unskilled labours (Kulatunga et al., 
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2006; Teo & Loosemore, 2001; Yean Yng Ling & Song Anh Nguyen, 2013). This has led to the 
result that monitoring labourer’s attitudes (CD1) ranked second highest by the respondents with a 
mean value of 4.22. The last strategy listed as a priority by the respondents is increasing the 
availability of recycling facilities at the hot-spot areas (CD7) with a mean value of 4.19. Again, this 
strategy should be established to meet the Malaysian target of 40% recycling rate by 2020 as 
announced by the Prime Minister (NST, 2016).  
 
Next, an analysis on comparing the mean values among the group of respondents was studied. At 
the planning and designing stage, a group of respondents of developers and government agencies 
produced a different view from the overall result described earlier. The developer’s respondents 
ranked set target of allowable wastage (PD8), all the stakeholders are involved in the coordination 
of the waste management plan (PD11) and modern construction method (PD2) as the top three 
strategies to minimise the C&D waste generation with mean values of 4.21, 4.21 and 4.16 
respectively. The respondents of government agencies suggested the first priority should be given to 
a coordinator of the waste management plan is designated and is responsible for ensuring that the 
plan is followed on site (PD12) with a mean value of 4.38, followed by set target of allowable 
wastage (PD8) with a mean value of 4.35 and all the stakeholders are involved in the coordination 
of the waste management plan (PD11) with a mean value of 4.27. As the main clients of the 
construction projects, the developers and government agencies realised the important of prioritising 
the management of C&D wastes as early as possible, not after the waste had been generated. 
Meanwhile, the respondents of contractors and consultants produced similar perceptions on listing 
the priority of waste minimisation strategies at the planning and designing stage. And, the top three 
strategies listed by these groups are similar to the overall result explained earlier. At the 
procurement stage, the majority of the top three strategies selected by each group of respondents are 
in line with the overall result. The respondents of government agencies included produce a 
mandatory minimum IBS Score to be achieved in order to support the implementation of IBS and at 
the same reducing the waste generation (P11) with a mean value of 4.35 as the second highest 
strategy, contractors named give reward to those effectively applied construction waste management 
and provide deterrents for those who failed to apply construction waste management (P8) with a 
mean value of 3.89 and consultants listed green procurement (P7) as the third highest strategies 
with a mean value of 3.86. The government sector, through CIDB, introduced an IBS Score in 
Malaysia in 2005 to measure the usage of IBS in any construction project, but, it has not yet been 
made compulsory for every construction project to implement it (CIDB, 2005). Furthermore, the 
contractors considered the rewards and punishment system to push the construction actors seriously 
towards a better management of C&D wastes in Malaysia. Green procurement also is a good option 
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to control waste generation and to achieve the sustainability agenda in Malaysia. Similarly at the 
construction and demolition stage, the majority of the strategies ranked by each group of 
respondents are aligned with the overall result. The group of developers and government agencies 
have included the waste management plan is applied and compliance is ensured (CD2) as the 
strategy that needs to be considered in minimising the waste generation. The government agencies 
ranked it as a first priority while the developers ranked it as a third priority with mean values of 
4.54 and 4.32 respectively. This result shows that there is a consistency from the result obtained at 
the planning and designing stage. Both groups of respondents are dependable in emphasising the 
importance of developing a waste management plan in reducing waste generation throughout the 
construction cycle. Besides that, the group of contractors listed on-site sorting technique of wastes 
(CD5) as the third priority with a mean value of 4.18. As the main actors involved at the 
construction and demolition stage, the contractors suggested that it is imperative to have a proper 
on-site sorting technique to ensure a smooth process in managing the C&D waste. Finally, the 
consultants have listed the same strategies as the overall result. 
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Table 5.10: Summary of Waste Minimisation Strategies Ranking 
Variables 
Overall Mean 
Value 
Rank 
Developers 
(N=19) 
Rank 
Contractors 
(N=85) 
Rank 
Government Agencies 
(N=26) 
Rank 
Consultants 
(N=37) 
Rank 
Planning & Designing Stage 
PD2 4.07 1 4.16 3 4.01 1 4.19 5 4.07 1 
PD1 4.04 2 4.05 4 4.01 2 4.00 8 4.04 2 
PD3 4.00 3 4.00 5 4.00 3 3.85 10 4.00 3 
PD8 3.96 4 4.21 1 3.91 4 4.35 2 3.96 4 
PD7 3.96 5 3.95 8 3.91 5 4.19 6 3.96 5 
PD12 3.90 6 4.00 6 3.72 9 4.38 1 3.90 6 
PD10 3.87 7 4.00 7 3.76 7 4.19 7 3.87 7 
PD11 3.86 8 4.21 2 3.76 8 4.27 3 3.86 8 
PD9 3.82 9 3.95 9 3.78 6 4.23 4 3.82 9 
PD6 3.72 10 3.79 11 3.68 10 3.81 11 3.72 10 
PD4 3.66 11 3.84 10 3.60 12 3.77 12 3.66 11 
PD5 3.63 12 3.58 12 3.62 11 3.88 9 3.63 12 
Procurement Stage 
P5 4.19 1 4.47 1 4.08 1 4.31 3 4.22 1 
P6 4.00 2 4.11 3 3.94 2 4.42 1 3.78 4 
P3 3.98 3 4.26 2 3.82 7 4.27 4 4.00 2 
P8 3.90 4 3.95 5 3.89 3 4.27 5 3.65 7 
P4 3.90 5 4.05 4 3.88 4 4.19 7 3.65 8 
P7 3.88 6 3.58 11 3.85 5 4.23 6 3.86 3 
P9 3.87 7 3.84 6 3.85 6 4.19 8 3.73 6 
P1 3.78 8 3.63 9 3.81 8 4.00 9 3.65 9 
P10 3.77 9 3.74 8 3.72 9 3.96 10 3.78 5 
P11 3.76 10 3.79 7 3.65 11 4.35 2 3.59 10 
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P1 3.64 11 3.63 10 3.67 10 3.77 11 3.49 11 
Construction & Demolition Stage 
CD8 4.31 1 4.26 4 4.27 1 4.42 2 4.35 1 
CD1 4.22 2 4.37 1 4.20 2 4.31 3 4.14 2 
CD7 4.19 3 4.32 2 4.15 4 4.27 5 4.14 3 
CD5 4.18 4 4.21 5 4.18 3 4.27 6 4.11 5 
CD2 4.17 5 4.32 3 4.04 8 4.54 1 4.14 4 
CD9 4.16 6 4.11 6 4.14 5 4.31 4 4.11 6 
CD10 4.08 7 4.00 8 4.09 6 4.23 9 4.00 7 
CD4 4.07 8 3.89 9 4.08 7 4.27 7 4.00 8 
CD11 4.00 9 3.89 10 4.01 9 4.19 10 3.89 9 
CD6 3.99 10 3.84 12 4.00 10 4.27 8 3.86 10 
CD3 3.93 11 4.11 7 3.98 11 4.08 12 3.62 11 
CD12 3.80 12 3.89 11 3.74 12 4.19 11 3.62 12 
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As mentioned in Section 3.3.5, the study used a Kruskal-Wallis H test to test the hypothesis in 
verifying any significant difference among the groups of respondents. Table 5.11 indicates the 
result of the variables that only showed the statistical difference. At the planning and designing 
stage, four variables have a statistical difference of opinion among the group of respondents. The 
variables are set target of allowable wastage [(PD8); p=0.044], a coordinator of the waste 
management plan is designated and is responsible for ensuring that the plan is followed on site 
[(PD12); p=0.008], all the stakeholders are involved in the coordination of the waste management 
plan [(PD11); p=0.046] and types and quantities of construction wastes are estimated for each of 
the construction activities conducted [(PD9); p=0.048]. At the procurement stage, three variables 
have a statistical difference of opinion among the group of respondents. The variables are revision 
on standard form of contracts are required to ensure the waste management plan compulsory [(P6); 
p=0.039], enhancement of regulation related to construction waste [(P3); p=0.042] and green 
procurement [(P7); p=0.037]. Meanwhile, there is no statistical difference of any variables at the 
construction and demolition stage. Therefore, further analysis is required to identify the groups that 
are statistically different from others. A Mann-Whitney U test was employed to the seven variables 
(PD8, PD12, PD11, PD9, P6, P3 and P7). The results were summarised in Table 5.12, which 
indicates that a comparison involving the government agencies has produced the statistical 
differences. For all seven variables included in this test, it is revealed that a comparison of groups of 
contractors and government agencies produced a probability value of less than 0.05; this showed 
that the results are significant (PD8, p=0.033; PD9, p=0.021; PD11, p=0.025; PD12, p=0.001; P3, 
p=0.015; P6, p=0.013 and P7, p=0.031). Besides that, a comparison of groups between developers 
and government agencies also produced a statistical difference for P7 (p=0.040). Again, 
comparison involving government agencies, now with the consultants, yielded statistical differences 
for PD8 (p=0.016), PD9 (p=0.014), PD11 (p=0.033) and P3 (p=0.009). The higher mean values 
between the groups are checked to decide which group is the main contributor to the difference (see 
Table 5.10). From Table 5.10, the government agencies were identified as the main contributing 
group that created the difference.      
 
Table 5.11: Results of Kruskal-Wallis H Test 
Variables Chi-Square Value Kruskal-Wallis (sig. p) 
Planning & Designing Stage 
PD2 0.888 0.828 
PD1 0.198 0.978 
PD3 1.796 0.616 
PD8 8.120 0.044 
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PD7 2.251 0.522 
PD12 11.940 0.008 
PD10 5.103 0.164 
PD11 8.016 0.046 
PD9 7.896 0.048 
PD6 0.503 0.918 
PD4 1.385 0.709 
PD5 3.696 0.296 
Procurement Stage 
  
P5 3.808 0.283 
P6 8.347 0.039 
P3 8.193 0.042 
P8 5.525 0.137 
P4 5.299 0.151 
P7 8.496 0.037 
P9 3.567 0.312 
P1 3.185 0.364 
P10 1.829 0.609 
P11 11.249 0.010 
P1 1.562 0.668 
Construction & Demolition Stage 
  
CD8 0.779 0.855 
CD1 1.229 0.746 
CD7 1.254 0.740 
CD5 0.977 0.807 
CD2 6.727 0.081 
CD9 0.829 0.843 
CD10 1.812 0.612 
CD4 2.698 0.440 
CD11 1.998 0.573 
CD6 4.590 0.204 
CD3 6.053 0.109 
CD12 6.383 0.094 
 
Table 5.12: Group differences test using Mann-Whitney U test of two independent samples  
Variables 
Developers 
vs 
Contractors 
Developers 
vs 
Government 
Agencies 
Developers 
vs 
Consultants 
Contractors 
vs 
Government 
Agencies 
Contractors 
vs 
Consultants 
Government 
Agencies 
vs 
Consultants 
PD8 0.176 0.582 0.082 0.033 0.336 0.016 
PD12 0.362 0.353 0.194 0.021 0.296 0.014 
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PD11 0.090 0.795 0.086 0.025 0.602 0.033 
PD9 0.185 0.104 0.847 0.001 0.206 0.057 
P6 0.057 0.652 0.314 0.015 0.317 0.139 
P3 0.616 0.131 0.281 0.013 0.385 0.009 
P7 0.130 0.040 0.182 0.031 0.927 0.087 
 
5.2.4 Results of Section IV 
 
In this section, the respondents optionally needed to give their views and opinions on how to 
improve the C&D waste management in Malaysia. As this question is not compulsory, only 50% of 
the respondents had provided some comments that could be useful in improving the C&D waste 
management in Malaysia. Generally, the comments can be grouped into a few categories including 
workers, methods, regulations and planning. Regarding the workers, training should be provided to 
ensure that the skills to carry out the works are up-to standard. The workers should be aware of the 
importance of having a proper C&D waste management system. The monitoring mechanism is vital 
to ensure the workers did not make unnecessary errors, which could generate wastes. Also, a 
rewards system could be introduced to motivate the workers to carry out the works efficiently.  
 
Modern construction methods like IBS are essential in reducing waste generation in the 
construction industry. The regulators, like CIDB, should put more effort into promoting IBS and at 
the same, could give levy exemptions for those who adopted IBS in their construction projects. 
Besides that, regulations related to C&D waste management should be enhanced to shift the 
mindset among the construction actors to prioritise the management of C&D wastes. The 
respondents also emphasised the importance of having proper planning about how to control waste 
at the beginning of construction projects. Lastly, C&D waste management is everybody’s business. 
Awareness and training are crucial to enhance the right attitude and behaviour towards a better 
waste management system. Clients need to be educated, consultants need to be assisted and 
contractors need to be aware of a good approach and implementation of waste management. 
 
5.2.5 Factor Analysis of Waste Minimisation Strategies 
 
In this study, the results revealed that all the variables are satisfactory and suitable to be assessed 
using factor analysis. The KMO values are above 0.6 for the variables in the stages of planning and 
designing (0.893), procurement (0.878) and construction and demolition (0.937). The p values in 
each stage of the construction cycle are less than 0.05.   
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Table 5.13 outlines the result of factor analysis as all the variables in each stage of the construction 
cycle were subjected to the PC analysis and orthogonal Varimax rotation. At the planning and 
designing stage, PCA showed the evidence of two components with the eigenvalue of more than 1, 
which explains 46.9% and 10.8% of the variance respectively. The components and associated 
variables are being interpreted as follows; PC 1 represents “Waste Management Plan” and PC 2 
represents “Construction Methods”. At the procurement stage, two PCs also emerged on the basis 
of eigenvalue more than 1. The two PCs explained a cumulative of 61.6% of the variance, with PC 
1 contributing 52.4% and PC 2 contributing 9.3%. These components are being interpreted into 
“Regulations Enhancement” and “Awareness and Awards” for PC 1 and PC 2 respectively. Finally 
at the construction and demolition stage, the initial result shows that PCA created a two PCs. But 
further investigation revealed only one component exceeding the eigenvalue of 1. Therefore, all the 
variables were grouped into one component, being named as “Effective Management”. 
 
Table 5.13: Principal Components of Waste Minimisation Strategies 
Variables 
Principal Components (PC) 
PC 1 
Waste Management Plan 
PC 2 
Construction Methods 
Planning & Designing Stage 
  
KMO value 0.893 
Barlett’s test of sphericity, p value 0.000 
PD11 0.791 
 
PD8 0.774 
 
PD9 0.771 
 
PD10 0.725 
 
PD12 0.650 
 
PD6 0.558 
 
PD4 0.557 
 
PD1 
 
0.797 
PD2 
 
0.772 
PD3 
 
0.771 
PD7 
 
0.546 
PD5 
 
0.541 
Eigenvalue 5.636 1.299 
Percentage of variance (%) 46.963 10.828 
Cumulative percentage (%) 46.963 57.791 
Variables 
Principal Components (PC) 
PC 1 
Regulations Enhancement 
PC 2 
Awareness and Awards 
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Procurement Stage 
  
KMO value 0.878 
Barlett’s test of sphericity, p value 0.000 
P11 0.812 
 
P10 0.794 
 
P2 0.761 
 
P1 0.733 
 
P7 0.624 
 
P3 0.539 
 
P9 0.523 
 
P4 
 
0.829 
P8 
 
0.784 
P5 
 
0.623 
P6 
 
0.589 
Eigenvalue 5.762 1.018 
Percentage of variance explained 52.380 9.257 
Cumulative percentage (%) 52.380 61.637 
Variables 
Principal Components (PC) 
PC 1 
Effective Management  
Construction & Demolition Stage 
  
KMO value 0.937 
Barlett’s test of sphericity, p value 0.000 
CD1 0.887  
CD9 0.792 
 
CD10 0.773 
 
CD11 0.747 
 
CD8 0.741 
 
CD12 0.731 
 
CD7 0.700 
 
CD5 0.694 
 
CD6 0.656 
 
CD3 0.656  
CD2 0.636 
 
CD4 0.634 
 
Eigenvalue 6.964 
 
Percentage of variance explained 58.035 
 
Cumulative percentage (%) 58.035  
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5.3 THE CAUSAL LOOP DIAGRAM (CLD) 
 
As mentioned in Chapter 5.1, this study aims to develop a holistic model of C&D wastes using 
system dynamics modelling based on the concept of CE. Figure 5.1 presents the diagram that 
consisted of six causal loops of the management of C&D waste strategies throughout the 
construction cycle. Among the six causal loops, four loops (B1, B2, B3 and B4) are negative 
(Balancing) and the remaining loops (R1 and R2) are positive (Reinforcing).  
 
In the negative loop of B1, it can be noted that a reduction of waste at the planning and designing 
stage could be achieved by implementing a “Waste Management Plan”. When there is much effort 
given in emphasising the importance of a “Waste Management Plan”, the amount of C&D waste 
can be decreased starting at the planning and designing stage. When there is less effort given, more 
C&D waste could be generated at the next stage of the construction cycle which is the procurement 
stage. If this is the case, “Construction methods” will help to balance the loop and consequently, 
decrease the effort to minimise the waste at the planning and designing stage; explaining the next 
negative loop of B2. Furthermore, C&D waste generation at the procurement stage could be 
reinforced based on two positive loops of R1 and R2. In loop R1, “Awareness and Awards” will 
create a positive atmosphere among the construction actors to prioritise a reduction in C&D waste 
generation. Additionally, “Regulations Enhancement” could further reinforce the objective of 
reducing waste generation at the procurement stage as shown in loop R2. “Regulations 
Enhancement” could possibly create a positive influence towards better construction methods that 
are emphasising the method that produces less negative impacts towards the environment. These 
two positive loops will successfully minimise C&D waste generation at the construction and 
demolition stage. However, it is very difficult to completely eliminate C&D waste produced by the 
construction activities (Banias et al., 2011). Therefore, there is a huge possibility that unavoidable 
waste will be generated at this stage as shown in loop B3. The existence of unavoidable waste will 
put pressure on the construction actors to consider it as early as possible, i.e. at the planning stage. 
A strategy known as “Effective Management” should be established to ensure the C&D waste 
generated not only at the construction and demolition stage, but on each stage of construction cycle, 
will be properly managed. This explains the final balancing loop of B4. As shown in Figure 5.1, 
there are two variables that are not interrelated with others; integration of re-imagine and re-design 
and adoption of 3R principles.  
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Figure 5.1: The Causal Loop Diagrams 
 
5.4 CONCLUSION 
 
For this study, the focal point is to obtain empirical findings on the strategies of managing the C&D 
waste in Malaysia. The findings are analysed in detail descriptively, using the mean values to rank 
the variables, non-parametric testing to seek any statistical differences among the group of 
respondents and reducing the variables into a smaller group through factor analysis. The 
questionnaires distributed to the four groups of construction actors (government agencies, 
developers, consultants and contractors) have verified the following:- 
a) Players in the construction industry are aware of the significance of protecting the 
environment and are ready to commit towards a better management of C&D wastes that will 
help to achieve environmental sustainability. 
b) Five influencing factors were listed critical by the groups of respondents, which are lack of 
on-site materials and waste management plan (OT2), inappropriate storage leading to 
damage or deterioration (MH2), changes in design (D3), lack of influence of contractors 
and lack of knowledge about construction (D8) and throwaway packaging (MH4). 
c) Adoption of 3R principles of ‘reduce, reuse and recycle’ is imperative at each stage of the 
construction cycle, as the reduce principle should be prioritised at both planning and 
designing stage, and procurement stage. Meanwhile, all 3R principles should be utilised at 
the construction and demolition stage to ensure the waste generated at this stage will be 
properly managed. 
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d) Even though the elements of re-imagine and re-design are relatively new in Malaysia, the 
construction actors agreed to consider it especially considering the importance of managing 
the C&D waste generation at its source.  
e) At the planning and designing stage, the construction actors agreed that a more modern 
construction method would reduce waste generation. Selecting an appropriate material also 
could help in reducing the waste generation at this stage. They also considered the 
importance of implementing a modular design that would promote standardization of 
building components. 
f) At the procurement stage, the findings reveal that it was important to create awareness 
among the construction actors of having a proper management of C&D wastes and, at the 
same time, provide sufficient training related to the management of C&D wastes. It is 
necessary to revise the current standard form of contracts in Malaysia to ensure a better 
management of C&D wastes is gaining more attention from the construction actors. 
Regulations related to the management of C&D wastes should be enhanced by emphasising 
the environmental impacts of poor waste management.  
g) During the stage of construction and demolition, site management is critical in controlling 
waste generation at this stage. Labour’s attitudes also need to be monitored, as the 
construction industry in Malaysia is still hugely dependent on the labour-intensive methods 
of construction. Besides that, the number of recycling facilities should be increased as the 
construction actors found it difficult to recycle waste due to their limited numbers, 
especially in ‘hot spot’ areas. 
h) The findings also reveal that only seven variables produced statistical differences among the 
group of respondents, as shown in Table 5.11. 
i) The study employed factor analysis to simplify the variables of each stage of the 
construction cycle (12 variable in the planning and designing stage; 11 variables in the 
procurement stage; 12 variables in the construction and demolition stage) into a smaller 
group. The findings disclosed two groups of factors for planning and designing stage; 
“Waste Management Plan” and “Construction Methods”. For procurement stage, two 
groups of factors also have been defined, which are “Awareness and Awards” and 
“Regulations Enhancement”. Meanwhile, only one factor has been concluded for 
construction and demolition stage which is “Effective Management”. 
j) Finally, a CLD has been derived as an initial process to develop an integrated management 
of C&D wastes using system dynamic modelling for future research, in which the intention 
of the authors is to integrate the concept of CE as an approach to circularly manage the 
generation of C&D waste.  
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5.5 SUMMARY OF CHAPTER 5 
 
The questionnaire was employed in this next phase of the study to enhance the results obtained in 
Chapter 4 and also gather additional information about the influencing factors of waste generation, 
as well as motivational factors to adopt a better C&D waste management in Malaysia. As the final 
phase of the study is to simulate the C&D waste management using system dynamics modelling 
(SDM), the findings obtained in this chapter will finalise the variables needed to be included in the 
simulation process. The simulation process focused on how the increasing amount of C&D wastes 
in Malaysia could be minimised using the suitable 3R principles and waste minimisation strategies. 
Even though the questionnaire also asked about the influencing factors of C&D waste generation 
and the motivational factors to adopt a better C&D waste management, the findings were not used 
in the simulation process. They provide a platform for understanding why the C&D wastes were 
generated and what motivates the construction actors to prioritise C&D waste management.  
 
In this chapter, an initial causal-loop diagram (CLD) was initiated as a starting step for the 
simulation process. The CLD is not finalised as it will be revised accordingly depending on the 
availability of historical data of C&D wastes in Malaysia (see Chapter 6). However, the CLD 
developed in this chapter gives the authors a general overview on how to transform it into the stock-
flow diagram (SFD) for modelling purposes. The finalised CLD is developed and explained in 
Chapter 6, as well as the explanation of the transformation from CLD into an SFD. 
 
Chapter 7 – Discussion of Results 
 
145 | P a g e  
 
 
CHAPTER 6 
Circular Economy-based Construction and Demolition 
Waste Management using System Dynamic Modelling 
Chapter 7 – Discussion of Results 
 
146 | P a g e  
 
Chapter 6 - CIRCULAR ECONOMY-BASED CONSTRUCTION AND 
DEMOLITION (C&D) WASTE MANAGEMENT USING SYSTEM 
DYNAMIC MODELLING 
 
6.1 INTRODUCTION 
 
The concept of circular economy (CE) is developed, based on the 3R principles of ‘reduce, reuse 
and recycle’ to maximise resource efficiencies and minimise environmental impacts. These 3R 
principles have long been distinguished as a way to control waste generation in the construction 
industry. However, there is little evidence of the effectiveness of 3R principles’ implementation in 
Malaysia. Therefore, it is necessary to simulate C&D waste management to accommodate the 
complexities of appropriate C&D waste minimisation strategies that are applicable throughout the 
construction cycle. Questions have been raised about the benefits of simulation subjects in the area 
of C&D waste management, especially in regards to System Dynamic Modelling (SDM).  
 
One example is that of Li Hao et al. (2008), which proposed the use of SDM for on-site 
management of C&D wastes to provide a better decision making on how to plan and manage the 
C&D waste generation. H. Yuan et al. (2012) further explored the use of SDM in evaluating the 
effectiveness of C&D waste reduction strategies. Both studies suggest that SDM has a great 
potential in determining the dynamics and complexities of C&D waste management systems. 
Nevertheless, Marzouk and Azab (2014) derived a progressive model, which is focused on how to 
manage the generated waste in more environmental and economical ways. Consequently, the study 
found out that a recycling mechanism is the best solution to manage the generated C&D wastes. 
Another example is the model developed to simulate the mechanism to effectively control illegal 
dumping behaviour through the introduction of a comprehensive landfill charges policy (Tam et al., 
2014). On the other hand, there are few published studies on the usage of SDM to integrate the 
elements of 3R principles of ‘reduce, reuse and recycle’ in managing C&D wastes throughout the 
construction cycle. At the same time, there is little or no evidence of the use of SDM for assessing 
C&D waste management in Malaysia. Therefore, this study sets out to address this gap through 
simulating the model of construction and demolition (C&D) wastes to determine the utilisation of 
3R principles throughout the construction cycle, and the contribution of key variables to the root 
causes of C&D waste generation using system dynamics modelling (SDM). This study sets out to 
investigate the usefulness of SDM to clarify the highly complex and dynamic scenario, which 
involved numerous variables including the stakeholders, strategies, principles etc. The interrelations 
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between those variables are studied in terms of their functions and impacts towards creating better 
C&D waste management in Malaysia. The study also highlights the process involved in simulating 
the C&D waste management model using SDM. A detailed explanation of the processes is included 
in the next section, followed by the results and analysis of the validation process of the model. 
Finally, a conclusion is derived regarding the benefits of developing such a model. 
 
The application of the proposed model was developed using the Vensim software, while the data 
used to validate the model was obtained from the related literature, experts’ opinions through the 
Delphi method and questionnaires, and government documents. The model is developed based on 
three critical stages of the construction industry, which are the planning and designing stage, 
procurement stage and construction and demolition stage. The model is also divided into sectors, 
where these sectors must be linked to each other. The sectors are:- 
i. Demand and supply of construction/building 
ii. Construction Work 
iii. C&D waste generation 
iv. C&D waste processed 
v. Policy implementation/C&D waste reduction 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1: Theoretical Framework of C&D Waste Management 
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Figure 6.1 depicts the theoretical framework for SDM and elaborates the interconnected sectors for 
this study. Any construction works, including the demolition and renovation work, depend on the 
level of demands from the population. As the construction works begin, C&D wastes will 
continuously be generated throughout the process, and these wastes will either be reused or recycled 
or sent to landfills. However, due to certain causes, some of these C&D wastes will be illegally 
dumped into the rivers, empty fields and bushes. Such illegal dumping activities will have negative 
impacts on the environment. However, these environmental impacts will not be discussed in this 
paper. In this regard, there is a need for the relevant policy to be implemented with the hope that the 
practice of reusing and recycling C&D wastes will increase and could be utilised for other 
construction projects, and this will reduce illegal dumping and wastes sent to landfill. The dotted 
line in this figure shows the boundary of the system that is developed using the system dynamics 
methodology.  
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6.2 MODEL DEVELOPMENT 
6.2.1 Problems Identification 
 
The first step of SDM development is finding the problem that leads to the modelling of SDM. 
Problem identification is a vital phase to ensure that the system boundary is not too big. Therefore, 
it is necessary to focus on the main problem rather than the system as a whole. In this phase, instead 
of modelling the system, Sterman (2000) stressed that the modeller should have a clear vision on 
what should be included and what should not be excluded from the model. This is to ensure that the 
modeller knows the boundaries of the model. Problem identification consists of several steps, 
including theme selection, key variables, time horizon and reference modes (Sterman, 2000). The 
theme can be referred to as the reason why SDM has been used; the main problem in this study is 
the annual increase of C&D wastes. Therefore, the development of SDM is to identify the root 
causes that contribute to C&D waste generation and it is imperative to determine the key variables 
that contribute to these root causes.  Thus, in this study, the key variables were obtained from the 
literature review of the relevant peer-reviewed articles and government databases including 
feedback from the stakeholders including government agencies, developers, consultants and 
contractors through the Delphi method and questionnaire. The list of selected variables are included 
in APPENDIX C, and the general list of variables involved in the model is depicted in the Causal 
Loop Diagram (CLD), which is used to show the relationships among the identified variables. In 
this regard, CLD is a dynamic hypothesis, which is explained in the next section. CLD is used as 
guidance to develop the Stock-Flow Diagram (SFD) which is the main model of SDM. In terms of 
time horizon, two aspects will be included in the model: how far in the future the model’s 
effectiveness will be studied and how far in the past the problem has existed. In this study, the 
model was simulated for 10 years (2017 to 2027) to see the cause and effect of the stated problem. 
Due to limited availability of data on the construction industry, as well as on the selected variables, 
the authors used the experts’ opinions gathered from the construction industry to verify and validate 
the model, instead of using a reference mode. 
 
6.2.2 Formulation of Dynamics Hypothesis  
 
In this stage, a CLD is developed to create communication mechanisms among the selected 
variables. CLD can be considered as a shadow of the SDM structure where the cause and effect 
between different variables can be identified (H. Yuan et al., 2012). According to Sapiri et al. 
(2017), it is advisable to use noun or noun phrases instead of verbs, as CLD represents the situation 
that would happen to the variable(s) if other variables change in different ways; either decrease or 
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increase. Therefore, link polarity is used to illustrate the changes, which could show positive or 
negative polarity, as suggested by Maani and Cavana (2007).   
 
The positive polarity portrays the cause and effect in the same way, hence, if the cause decreases, 
then the effect will be decreased; or if the cause increases then the effect will be increased. In 
regards to the negative polarity, the cause and effect will be in opposite directions, i.e. if the cause 
decreases then the effect will be increased; or if the cause increases then the effect will be 
decreased. For example, as building demand increases, building supplies will be increased as well, 
to cater for the demand. Hence, as the supplies increase, the total building demand will be decreased 
(negative loop).  
 
Meanwhile, the feedback system can be categorised into two types; reinforcing loops and balancing 
loops (Sterman, 2000). The types of feedback loop can be identified from the link polarities that 
contribute to the whole closed loop (Sapiri et al., 2017). The reinforcing loop occurs when all of the 
variables in the same loop move in the same direction when one variable changes. On the other 
hand, the balancing loop occurs when the variables move in the opposite direction from other 
variables in the same loop to achieve the desired goal. 
 
Figure 6.2(a) shows the example of a reinforcing (positive) loop extracted from the CLD. As shown 
in this figure, when the waste is sorted manually, the total sorted waste will be reduced (opposite 
direction). In this light, the total waste that can be recycled and reused (same direction) can be 
increased when the sorted waste increases. This will result in less waste generation when more 
wastes are being recycled and reused (opposite direction). This loop can be considered as a 
reinforcing loop due to the usage of two opposite directions (negative link polarity) (Sapiri et al., 
2017). Figure 6.2(b) shows the example of a balancing loop extracted from CLD. As the population 
grows, the demand for buildings will be increased and eventually, this will affect the building 
supplies. However, this might also contribute to more demolition works to develop new buildings. 
As a result, this will decrease the population as the people might migrate to another country. The 
same principle is used to determine the balancing or reinforcing loop by looking at the sign of each 
link that closed the loop (Sapiri et al., 2017). As the total negative link is an odd number (one only), 
therefore, this loop is known as a balancing or negative loop. From the loop, the emergence of the 
behaviour over time was determined based on the underlying structures or as they are known, 
system archetypes (Braun, 2002).  
 
 
Chapter 6 – System Dynamic Modelling 
 
151 | P a g e  
 
 
 
 
 
 
 
 
 
Figure 6.2: Feedback Systems 
 
Figure 6.3 presents the diagram of the five causal loops of the C&D waste management strategies 
throughout the construction cycle. Among the five causal loops, two loops (R1 and R2) are positive 
(Reinforcing) while the remaining loops (B1, B2 and B3) are negative (Balancing). The next section 
elaborates the CLD based on the components or subsystems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3: CLD of C&D Waste Management 
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6.2.2.1 Demand and supply sector 
 
Population growth will create demands for housing, healthcare facilities, automation, and other 
infrastructures in many areas (Esa et al., 2016b; Strunk et al., 2006; Zulkepli et al., 2015). 
Therefore, the population will indirectly influence the level of demand for new development works. 
In this regard, when the level of demand increases the demand for building supplies also increases. 
This scenario sometimes will require demolition works to build a new building. In this case, the 
demolition works will generate more wastes and indirectly affect the available accommodation for 
the population. Besides that, the completed building will change the level of renovation works 
where, for example, the owners of the new homes will want to renovate their homes before they 
move in (Yaman et al., 2012).   
 
6.2.2.2 Construction, waste generation and processed waste sector 
 
It is hard to completely eliminate the generation of C&D wastes from construction activities (Banias 
et al., 2011), and there is a huge possibility that unavoidable waste will be generated at this stage. 
The C&D wastes are generated throughout the construction works including the renovation and 
demolition process, and more construction activities will lead to more wastes generated. Here, the 
generated C&D wastes will be collected and sorted manually by labourers before being sorted into 
two categories; wastes that can be reused or recycled and wastes that will be sent to landfill. The 
total volume of C&D waste that can be reused or recycled will depend on the behaviour or number 
of the labourers sorting the waste manually. If the efficiency performance of the labourers 
increased, more wastes would be sorted, and eventually the total accumulated C&D wastes will 
decrease. However, according to Kulatunga et al. (2006) and Yean Yng Ling and Song Anh Nguyen 
(2013), poor attitudes among the labourers will contribute to bad workmanship and this will 
indirectly influence waste generation as the amount of sorted waste will be affected. Therefore, it is 
imperative to ensure the labourers are fully aware of the importance of managing the C&D wastes. 
The employer should encourage their labourers to attend any related training and awareness 
program regarding the C&D waste management. The total volume of wastes that can be recycled 
will also depend on the availability of recycling facilities, and there are cases where unsorted C&D 
waste will be sent directly to landfills, and the worst scenario where the labourers will illegally 
dump the waste to reduce cost to transport the wastes to landfills.  
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6.2.2.3 Policy and improvement sector (waste reduction strategies) 
 
Waste minimisation strategies were obtained from the Delphi method and questionnaire (Esa et al., 
2016a; Esa et al., 2017). These strategies include the “Modern Method of Construction”, “Modular 
Design” and “Material Selection”. As C&D wastes will be generated at the planning and designing 
stage, an increase in the effort to reduce the generation of C&D wastes at this stage will reinforce 
the possibility of decreasing a huge amount of C&D waste throughout the construction cycle. 
Moreover, since construction materials have been identified as the main sources of waste generation 
(Huang et al., 2013; Poon, Yu, & Jaillon, 2004), suitable material should be used in particular types 
of construction works and conditions. Then, the selected materials should be managed efficiently to 
avoid unnecessary waste generation, such as the damage of raw materials due to careless use (Poon, 
Yu, & Jaillon, 2004). Consequently, “Material Selection” has been isolated as it is not interrelated 
with other variables. 
 
From the experts’ opinions, each construction actor, especially government agencies, can play a role 
to reduce the generation of C&D waste. For instance, the contractor can reduce waste by using a 
modern construction method, incorporating a modular design, selecting appropriate materials at the 
initial phase of construction activities and being willing to pay more for a better C&D waste 
management. The government can also play its role by enforcing the law on illegal dumping issues 
and encouraging developers and contractors to use recycled materials, as well as providing more 
recycling facilities. Additionally, the government can also enhance the regulations related to the 
C&D waste management to prioritise preserving the environment. In turn, all of these strategies will 
create a substantial impact on the cost involved. 
 
6.2.3 System Dynamics Model Formulation 
 
An SFD was formulated based on the developed CLD; SFD is different from CLD where it will be 
modelled and formulated based on the appropriate equations using the system dynamics software. 
There are several options of SDM software, including STELLA, DYNAMO, Vensim and 
Powersim, which can be divided into two categories; one requires the use of programming language 
to develop the model, while the second category does not require any programming languages. By 
formulating the SFD, the model can be simulated with the intention to analyse the model 
quantitatively (Sterman, 2000). Some of the variables listed in the CLD will be decomposed into 
more detailed processes, and some of the variables will be changed into several names to make the 
model clearer. Vensim® PLE was adopted in this study to derive the SFD as shown in Figure 6.4, 
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and some of the variables will be moved to a different view (page) that is interlinked with other 
variables in the main view (page) to reduce the complexity of the model. This is one of the reasons 
why the authors chose to use the Vensim software to develop the model in addition to the fact that it 
does not require in-depth knowledge on programming skills to develop the SDM.  
 
As there are more than one hundred variables in this study, the authors divided the explanation on 
SFD into several parts according to their sectors. This is to ensure that the readers will get a better 
perspective and understanding of the subject. 
 
6.2.3.1 Demand and supply building and construction sectors 
 
The first sector comprising of building demand, supplies, construction works and processes. As 
mentioned in the previous section, the demand for building development depends on the population 
and the fractional demand from the population (the population model is in another view to reduce 
the complexity of the model). The total number of building (stock) will be transferred to the first 
stage of the construction cycle, which is planning. At this stage, a certain amount of construction 
materials will be purchased and due to the limited spaces and weather conditions, some of the 
purchased materials will be damaged (damage materials). Meanwhile, the transfer rate refers to the 
total volume of the construction materials that have been used to develop the building, while the 
developed rate comprises the portions of the construction works that have been assembled. Both of 
these rates depend on the contribution of the construction workers. In this light, the models for 
damage material, usage rate and developed building models are simulated in a different view 
(page) which is explained later. The explanation involved the use of the lookup table in Vensim to 
define the model. The lookup table allows the authors to provide different values to the dependent 
variables, based on two or more variables. 
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Figure 6.4: A Stock-Flow Diagram 
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6.2.3.2 Waste generation and processed sectors 
 
Waste generation and processed sectors were included as one of the sectors in this study. Waste 
generation has been divided into several sub-causes, including unavoidable wastes, construction 
wastes during and after the project, demolition and renovation wastes. These wastes can be sorted; 
and after that, the suitability of the waste to be reused, recycled or sent to landfill will be 
determined. Normally, the sorting process is done manually by the labourers, therefore, there is a 
possibility that the waste will not be sorted altogether and directly sent to the landfill. Then, a total 
of the unsorted waste and the sorted waste that have been identified to be sent to landfill will be 
collected. However, limited resources, such as transportation and cost constraints, will influence the 
illegal dumping activities. Some variables used the function of a lookup table to identify the right 
value of those variables, for instance, the amount of wastes to be sent to landfills will depend on the 
availability of transportation; the recycling rate will depend on the availability of recycling facilities 
and the amount of sorted waste will depend on the behaviour of the labourers. These variables are 
modelled in a different page to reduce the complexity of the model. 
 
6.2.3.3 Population Sub Model 
 
Fractional immigrate will influence the total population. Here, the total population will be 
compared with the total buildings that have been developed; assuming that the population (people) 
will accommodate the building. Thus, the number of people who can be accommodated into one 
building and the ratio of population to building are assumed in this study. The value of these 
variables will influence the “migrate” rate (flow out) as there is not enough building for them to 
stay. Furthermore, the total population (stock) is connected with the demand for a building.    
 
 
 
 
 
 
 
 
 
 
 
Figure 6.5: Population Sub Model 
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6.2.3.4 Ratio and Lookup Table in Vensim 
 
It is advisable to compare the stock in SFD with an auxiliary to shape the behaviour of the 
inflow/outflow dynamics and ensure reliability (Sapiri et al., 2017). The comparison was also 
applied to model the qualitative variables such as motivation. Logically, the dependent variable will 
change when there is a change in the independent variable(s). The Vensim software has the function 
of a lookup table to simulate this comparison situation. An equation included in the lookup table 
provides a platform to measure the effect of the independent variables on the dependent variables. 
Based on the comparison between two or more independent variables, the generated value will be 
referred first to the lookup table. Figure 6.6 shows the example of a lookup table using Vensim, the 
sum of the amount of C&D waste, sorted tonne per labourer and labourer will determine the value 
of the workload. An assumption is made that the workload value will determine the total sorted 
value. Hence, the value given to sort waste rate is equivalent to the value of the workload. 
Therefore, the value of sorted waste varies depending on the value of the workload (obtained from 
the sum of the amount of C&D waste, sorted tonne per labourer and labourer). For example, as 
shown in Figure 6.6, the value of the workload contributing to the total sorted is 20, hence; the 
value of sort waste rate is 0.8. This value is an estimated value based on experts’ opinions (Sapiri et 
al., 2017; Zulkepli et al., 2012). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6.6: Example of Lookup Table 
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6.3 MODEL VERIFICATION AND VALIDATION 
 
The model needs to be verified and validated to gain confidence for reflecting the real scenarios in a 
significant way. This process will provide the efficiencies of the model to overcome the problems 
described in Chapter 6.2.1. According to Sapiri et al. (2017), a developed model does not 
necessarily need to imitate the current system, but, at least, it could provide a platform to predict 
future behaviour of the current system. Extending from the summary of the tests required to validate 
the model by Forrester and Senge (1980), Sterman (2000) explained that twelve tests could be 
applied to validate the model. In addition, Sapiri et al. (2017) categorised the test categories into 
two: structural and behaviour validation. The structural validation needs to be executed first before 
the behaviour validation can be conducted; all of the variables included in the model should be 
tested. However, due to limited availability of historical data, the authors only demonstrated some 
of the testing for the purpose of model validation.   
  
6.3.1 Structural Validation 
 
One of the methods to conduct structural validation is by aggregating the variables that have been 
disaggregated (Sterman, 2000). In this regard, the validation of the structural is imperative to assess 
the consistency of the model with the real-case scenario (Qudrat-Ullah & Seong, 2010), hence, in 
this study, the authors aggregated the whole waste generation processes that included the total 
volume of wastes that were produced. The inflow and outflow of both aggregate and disaggregate 
values are almost the similar. Various sources of literature and experts’ opinions obtained from the 
Delphi method and questionnaire were used to provide related information of the structure and 
derive the cause and effect of the CLD (see Figure 6.3). Intrinsically, these findings suggest that the 
model is rational and closely exemplifies the real-case scenario.  
 
6.3.1.1 Parameter Verification and Dimensional Consistency Test 
 
Parameter verification and dimensional consistency test are two types of structural validation test 
that were applied concurrently, as both tests are complimentary to each other. At the same time, it is 
imperative for mathematical equations to be included in the model to generate an output in SFD as 
the consistency of the mathematical equations can be measured by employing these tests. Besides 
that, each variable must be assigned with a unit to provide a real-life meaning to the variables. It is 
quite challenging to ensure the units are consistent with the mathematical equations as most of the 
SDM fail to achieve this requirement (Sapiri et al., 2017). After determining the units of all the 
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variables, the dimension was checked using the function in the Vensim software. Consequently, the 
model was validated, as shown in Figure 6.7. It is worth noting that all the assigned dimensions of 
the variables are consistent.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.7: Dimensional Consistency Test 
 
6.3.1.2 Extreme Condition Test 
 
According to Sterman (2000), an extreme condition test is carried out to achieve two objectives, to 
seek the response of the equation when the value is assigned with an extreme value and to assess the 
reaction of the model under extreme policies, parameters and shocks. It was carried out by 
examining the behaviour of the model when extreme values were assigned to the selected variables. 
For the purpose of the test, the variable of the total number of building was taken as an example. 
The impact of fractional immigrate and fractional immigration from the population on the total 
number of building was observed by changing the value to zero, which illustrates that there is no 
movement in the number of population. Logically, the total number of building will decrease 
significantly; the finding proved that the total number of building had decreased significantly 
(Figure 6.8). Furthermore, the time setting was changed during the test to 10 months to ensure the 
differences between both variables are more visible.  
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Figure 6.8: Extreme Condition Test 
 
6.3.2 Behaviour Validity 
 
The second phase of the validation process is to verify the behaviour of the simulation output. The 
tests included under the behaviour validity are behaviour reproduction, behaviour anomaly, family 
member, surprise behaviour and sensitivity analysis (Sterman, 2000). Most of these tests require an 
extensive historical data to be mapped into the model. The output (base case) will be acceptable if 
the behaviour of the model or output of the specified variables mimics the historical data. There is a 
lack of historical data related to the C&D waste management, especially in the context of the 
Malaysian construction industry (Esa. et al., 2015). However, the authors were able to retrieve some 
historical data available from the Department of Statistics, Malaysia, such as the number of 
population and number of buildings, which were adopted in this study (Department of Statistics, 
2017). Additionally, relevant previous literature was used to simulate the model and assumptions 
were made to imitate the real-case scenario when there was no relevant data available.  
 
By referring to Figure 6.4 Figure 6.5, the authors argued that the level of population will affect the 
demand for the construction works (referred as “no of building” in the model). Here, the 
construction works include civil engineering works, non-residential building, residential building 
and special trade activities. These construction activities will eventually produce waste, which is the 
main concern of this study. Therefore, the behaviour of the model was validated using these main 
variables. Figure 6.9 and Figure 6.10 depict the results of the behaviour validation using the 
historical data. The results show that the simulation behaviour seems significant with the historical 
data, proving that this model is valid.  
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Figure 6.9: “Population” Behaviour Validation 
 
 
 
 
 
 
 
 
 
 
Figure 6.10: “No of building” Behaviour Validation 
 
Also, the authors adopted the sensitivity analysis to enhance and check the accuracy of the model. 
 
6.3.3 Sensitivity Analysis 
 
According to Maani and Cavana (2007), the purpose of conducting a sensitivity analysis is to test 
the behaviour of the specified variable when different values were put to the variable. Due to the 
limitation of the Vensim software used, the authors had modified the equation to emulate the 
sensitivity analysis. Instead of changing the variable and running the model several times, the 
authors changed the parameter of “fractional demand per population” using the function of time 
step rather than using a constant rate. The default function of time step in Vensim software is being 
set to “STEP (height), (stime)”. The first bracket means the increased/decreased value from current 
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time, while the second is the time when the changes of the parameter are going to happen. A few 
variables such as “demand” and “number of building” were selected to test the effect of the 
parameter of “fractional demand per population”, which the time step was changed to 0.01+ STEP 
(0.03, 2) + STEP (0.05, 5) + STEP (0.07, 8). Figure 6.11 depicts the sensitivity analysis of the 
selected variable. 
 
 
 
 
 
 
 
 
 
Figure 6.11: Sensitivity Analysis Simulation Behaviour 
 
From the figure, it can be observed that the simulation behaviour produced by the variables 
connected to “fractional demand per population” had performed accordingly. Therefore, it can be 
concluded that this model has passed the sensitivity analysis test, and therefore, passed the 
behaviour validity test as a whole.  
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6.4 BASE CASE AND POLICY IMPLEMENTATION 
 
The application of system dynamics methodology will help to predict the long term outcomes of the 
current behaviour. This type of method or technique could reduce more time and cost compared to 
other methods (Zulkepli & Eldabi, 2011). Hence, some policies should be implemented to predict 
the behaviour of the model. However, before the policies can be implemented, there is a need to run 
the base case behaviour of the model, and the result used as a benchmark to simulate the 
consequence of policy implementation.    
 
6.4.1   Base Case Simulation 
 
Figure 6.12 illustrates the base case behaviour that includes the simulation model of the number of 
building (projects) and the total of C&D wastes generated. As can be observed from the figure, the 
total projects were moved downwardly from 2014 to 2017. This scenario was influenced by the 
economic condition in Malaysia, as some projects have been cancelled or postponed. Therefore, the 
total of C&D wastes generated will be decreased as the behaviour of C&D wastes are embedded 
with the behaviour of the project. Furthermore, the amount of C&D waste generation is predicted to 
reach 217,993 tonnes by 2027. The increasing amount of C&D wastes will put pressure towards 
environmental and land availability if there is no proper action taken to control waste generation. 
This will also influence the amount of waste sent to landfills, which does not only pressurise the 
limited space of landfills, but will also harm the environment. Therefore, there is a need to 
implement the policies to simulate the model and help to enhance the decision-making to achieve an 
effective management of C&D wastes. 
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Figure 6.12: Amount of C&D Waste and Waste Sent To Landfill 
  
6.4.2 Policy Implementations 
 
The generation of C&D wastes must be controlled not only at the source (at the planning and 
designing stage), but it must also be controlled during or after construction works. Therefore, policy 
implementations are necessary to control C&D waste generation. As mentioned in the previous 
section, SDM was used to simulate and predict the future from the current behaviour (base case). 
Then, three policy options were simulated using the developed model; the policies are Enhancement 
of Reuse and Recycle Construction Material, Modern Construction Method and Monitoring and 
Creating Awareness among Workers. To reduce the complexity of the model, all the variables that 
will reduce the total volume of C&D wastes were derived into a different page of the model. All the 
variables are linked together under “source of reduction rate”. 
 
6.4.2.1 Policy 1: Enhancement of Reuse and Recycle Construction Material 
 
Selecting proper materials has been identified as an important element in managing C&D wastes 
(Esa et al., 2017). As the critical component of a circular economy (CE) concept is the maximum 
utilisation of resources, the elements of reuse and recycle should also be explored to encourage the 
usage of reused or recycled construction materials. By expanding the potential for the reuse and 
recycle of construction materials, the amount of waste sent to landfill could be decreased and those 
implementing these ideas could gain economic benefits. Thus, the government plays a vital role in 
promoting the idea of reuse and recycle of construction materials. One of the examples is by 
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imposing stricter regulations to encourage construction actors to reuse or recycle their construction 
materials. Levy exemptions or incentives could be given to the construction actors practicing the 
reuse and recycle materials in their construction activities. However, recycling potential could be 
thwarted by the lack of recycling facilities in Malaysia; the rate of recycling in Malaysia was 
reported to be as low as 15% (Sarabatin, 2016). Hence, the government should provide more 
recycling facilities, particularly hot-spot areas to increase recycling rate.     
 
Figure 6.13 demonstrates the simulation result of Policy 1, which represents the behaviour of the 
“source of reduction rate”. The behaviour of the “source of reduction rate” was influenced by the 
variables such as “total recycle rate”, “tonnage reduced from recycle”, “modern construction 
method” and “perception towards C&D waste management”. These variables will contribute to the 
total reduction rate in this model. The graph in Figure 6.13 consists of two behaviours that are 
embedded in one figure; in which the x-axis represents “time”, while y-axis represents “total waste 
unit”. The model was simulated by changing the parameter of “tonnage reduced from recycle” 
from 0 to 0.4; assuming that when the policy is implemented, 40% of C&D wastes will be reused 
and recycled; while other variables that contribute to the total reduction rate will remain at 0%.   
 
Based on the simulation results, the volume of C&D wastes will be decreased to approximately 
10% (see Table 6.2). However, the success of this policy would highly depend on the availability of 
recycling facilities. 
 
 
 
 
 
 
 
 
 
 
Figure 6.13: Simulation results of enhancement of reuse and recycle the construction material 
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Therefore, the parameter of recycling facilities was adjusted by increasing the number; assuming 
that the increase in the number of recycling facilities will encourage construction actors to recycle 
more C&D wastes. Figure 6.14 depicts the increasing trends of recycling C&D wastes. This 
indicates that the enhancement of the reuse and recycle of materials not only creates positive 
impacts on C&D waste generation, but also brings a positive influence to the recycling rate. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.14: Intensity of Increasing Recycling Facilities With Relation To The Recycling Rate 
 
6.4.2.2 Policy 2: Modern construction method 
 
In line with the advancement in methods and technology, construction actors should take the 
opportunity to adopt a more modern construction method; for instance, the usage of Building 
Information Modelling (BIM) as a tool to manage all the information related to the construction 
project digitally, which provides a platform for construction actors to revise traditional and out-of-
date construction management techniques. In Malaysia, the adoption of an Industrialised Building 
System (IBS) is encouraged to diminish the labour intensive method, as well as reducing waste 
generation (Esa et al., 2016b).  The manufacturing of IBS components, such as beams, columns, etc. 
at the factory, under a controlled environment, will reduce wet construction works on site and 
mitigate possible environmental impacts. 
 
Figure 6.15 and Table 6.1 illustrate the simulation result of Policy 2. The simulation was carried out 
by modifying the parameter of “reduce tonnage per building” from 0 to 0.00005. This parameter is 
interrelated with the total project and the total amount of C&D wastes generated on each project 
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from the main model. An estimation of 15% of C&D wastes was generated for every construction 
project. Based on the simulation results, the result revealed that 9% of the current total C&D wastes 
would be reduced within 10 years, if more construction actors were to adopt modern construction 
methods, like IBS, in their construction projects. 
 
Table 6.1: Effect of Adopting Modern Construction Method 
Time 
(Year) 
Amount of C&D Waste (tonnes) Differences 
(tonnes) 
Change (%) 
Base Policy 2 
2024 207688 189018 18670 8.99 
2024.25 208510 189770 18740 8.99 
2024.5 209340 190530 18810 8.99 
2024.75 210179 191297 18882 8.98 
2025 211024 192070 18954 8.98 
2025.25 211876 192850 19026 8.98 
2025.5 212734 193636 19098 8.98 
2025.75 213598 194427 19171 8.98 
2026 214467 195222 19245 8.97 
2026.25 215342 196023 19319 8.97 
2026.5 216221 196828 19393 8.97 
2026.75 217105 197637 19468 8.97 
2027 217993 198450 19543 8.96 
Note: The % change is calculated by taking base scenario as the benchmark 
 
 
 
 
 
 
 
 
 
 
Figure 6.15: Simulation Results of Modern Construction Method 
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6.4.2.3 Policy 3: Monitoring and creating awareness among workers 
 
It should be noted that the workers play a significant role in influencing the generation and 
management of C&D wastes (Kulatunga et al., 2006). Based on the model, sorting out wastes is 
done manually by workers to determine which wastes should be reused, recycled or disposed to 
landfill. Thus, it is essential to monitor the workers in ensuring that they are doing their work 
responsibly. Awareness should also be infused among the workers, especially on the types of wastes 
that are suitable to be reused, recycled or disposed to landfill. If there are no proper monitoring 
mechanisms adopted in the construction projects, the wastes that could potentially be reused or 
recycled will end up being disposed to landfills. The model also discovered that the workload of the 
workers could influence the total amount of sorted wastes; high workload could contribute to the 
low amount of sorted wastes and indirectly lower the amount of waste that could be reused or 
recycled. Therefore, the employers should consider giving incentives to the workers to increase 
their motivation and productivity. It is important to note while the aspects of workers’ motivation 
and productivity are not covered in this study, a number of studies have covered the relationship 
between workload, incentive, performance and motivation (Meker & Barlas, 2015; Rouse et al., 
1993; Vries et al., 2016). It is therefore likely that a relationship exists between workload and 
incentives.  
 
This policy compliments Policy 1 and Policy 2; however, this policy should be implemented first to 
derive the full effect in reducing waste generation. Based on the results, it can be concluded that 
through implementing these three policies, the amount of C&D wastes would be reduced by 26,264 
tonnes or equivalent to 12% (see Figure 6.16 and Table 6.2). As a result of the C&D waste 
reduction, illegal dumping activities as well as the environmental impacts will be decreased. 
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Figure 6.16: Simulation Results of the Three Policy Implementations 
 
Table 6.2: Effect on the Amount of C&D Waste of Three Policies 
Time (Year) 
Amount of C&D Waste (tonnes) 
Base Policy 1 Change (%) Policy 2 Change (%) Policy 3 Change (%) 
2024 207688 187799 9.58 189018 8.99 182751 12.01 
2024.25 208510 188500 9.60 189770 8.99 183471 12.01 
2024.5 209340 189209 9.62 190530 8.99 184199 12.01 
2024.75 210179 189925 9.64 191297 8.98 184933 12.01 
2025 211024 190647 9.66 192070 8.98 185672 12.01 
2025.25 211876 191375 9.68 192850 8.98 186416 12.02 
2025.5 212734 192107 9.70 193636 8.98 187164 12.02 
2025.75 213598 192845 9.72 194427 8.98 187916 12.02 
2026 214467 193586 9.74 195222 8.97 188673 12.03 
2026.25 215342 194331 9.76 196023 8.97 189432 12.03 
2026.5 216221 195080 9.78 196828 8.97 190195 12.04 
2026.75 217105 195831 9.80 197637 8.97 190961 12.04 
2027 217993 196586 9.82 198450 8.96 191729 12.05 
Note: The % change is calculated by taking base scenario as the benchmark 
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6.5 CONCLUSION 
  
This study sets out to empirically investigate the relations and dynamics of the selected variables in 
the management of C&D waste throughout the construction cycle. In this study, an SDM for C&D 
waste management in Malaysia was developed using the Vensim software. The developed model 
consists of five sectors; demand and supply of construction/building, construction work, C&D 
waste generation, C&D waste processed and policy implementation/C&D waste reduction. The 
model is derived from the CLD, which consists of five causal loops; two reinforcing loops (R1 and 
R2) and three balancing loops (B1, B2 and B3). Two categories of the test were conducted to assess 
the validity and reliability of the structure and behaviour of the model. Additionally, a sensitivity 
analysis was carried out to ensure the model is well executed under certain circumstances.    
 
The model has estimated that the total of C&D wastes will reach 217,993 tonnes by 2027. This is an 
alarming issue that requires attention from the construction actors, especially the government as a 
policy maker. This study has also simulated different policy implementations that include the 
enhancement of reuse and recycle construction materials, modern construction method and 
monitoring and creating awareness among workers. These policies were used to estimate the 
reduction of the amount of C&D waste in this model. As a result, 26,264 tonnes of waste could be 
reduced. Consequently, this model can be used for evaluation of many policies without using real-
time experimentation, which will incur more cost and take a long time to get the results. 
Furthermore, this model can become a benchmark for creating policies that aim to reduce the C&D 
wastes. It will provide an indication of the challenges that the construction actors face, and an 
understanding of the dynamic relationships between key areas of the C&D waste management 
system.   
 
This study extends our knowledge on the importance of investigating the connections among the 
selected variables and expanding the understanding of the construction actors in the management of 
C&D waste. Furthermore, the current findings add to a growing body of literature on utilising the 
3R principles of ‘reduce, reuse and recycle’ in effectively managing C&D waste using simulation 
methods. This study will serve as a base for future studies and the methods used for developing this 
model may be applied to other countries in the world. As many assumptions were made in this 
study to derive the model, future studies could be directed at implementing the model in a real 
project context to measure its effectiveness.  
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6.6 SUMMARY OF CHAPTER 6 
 
In this chapter, the simulation process was carried out using the SDM with the objective of reducing 
the increased amount of C&D wastes in Malaysia. Three policies were introduced to achieve the 
stated objective; namely enhancement of reuse and recycle construction materials, modern 
construction method and monitoring and creating awareness among workers. These policies 
complement each other and successfully reduce the waste generation by 12%. As the historical data 
related to C&D waste management in Malaysia is limited, assumptions were made to ensure the 
reliability of the model.  
 
Due to limitations, not all variables included in this model were covered in this chapter such as the 
environmental impacts of C&D wastes, the illegal dumping issues and the effect of a willingness-
to-pay (WTP) system towards C&D waste management. Those variables that are not covered in this 
chapter can be considered as future research and the authors believed the findings from this 
simulation process is enough to imitate the real scenario of C&D waste management in Malaysia. 
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Chapter 7 – DISCUSSION OF RESULTS 
7.1 INTRODUCTION 
 
This chapter describes the main findings in each phase of the research process conducted to derive a 
holistic model of C&D waste management in Malaysia based on the presentation of findings in 
Chapters 4, 5 and 6. The chapter discusses the main findings in three sections. It begins with a 
discussion of the findings obtained from a combination of Delphi method and AHP. This is 
followed by discussion of the results from the distribution of questionnaire. The final section of this 
chapter discusses the simulation results derived from the SDM.  
 
 
7.2 A COMBINATION OF DELPHI METHOD AND AHP (PHASE 1) 
 
Construction and demolition (C&D) waste is a pressing issue not only in Malaysia; it is a 
worldwide concern inclusive the developed countries as well. C&D waste should be managed 
throughout the construction cycle. The concept of Circular Economy (CE) is an emerging notion 
that has the potential to be utilised as a waste minimisation approach. A better construction and 
demolition (C&D) waste management system is becoming increasingly essential in the loop of the 
Malaysian construction industry due to a lack of awareness on the environmental and economic 
implications of waste generation, as well as the increasing amount of C&D wastes generated. A 
preliminary model for managing C&D waste throughout the construction cycle has been previously 
developed, based on the innovative concept of a CE. In this study, a combination of the Delphi 
method and Analytical Hierarchy Process (AHP) was adopted to validate the model; three rounds of 
the Delphi method were conducted, in which AHP was incorporated in the second round. The 
results reveal that the 3R principles of ‘reduce, reuse and recycle’ need to be integrated throughout 
the construction cycle. Waste minimisation strategies have been identified for each level, taking 
into account the main stages in the construction industry, i.e. planning, designing, procurement, 
construction and demolition. The different stakeholders involved at each stage and their interactions 
in the stages have also been identified. It has been found that the modern methods of construction, 
regulatory enhancements and site management are the most suitable waste minimisation strategies 
that can be adopted at different stages of the construction cycle. Based on these results, a refined 
model known as circularity-oriented model for C&D waste management was developed as a 
starting point for further research in the field of system dynamic modelling and stock and flow 
analysis. 
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7.3 DISTRIBUTION OF QUESTIONNAIRE (PHASE 2) 
 
Increasing environmental awareness has contributed to the shift of mindset among the Malaysian 
construction industry stakeholders. The Malaysian government has exerted an effort to prioritise the 
importance of managing construction and demolition (C&D) wastes to mitigate environmental 
impacts, but the recycling rate is still as low as 15%. Questionnaire was conducted to identify key 
principles and strategies in developing an integrated management of C&D waste via survey 
questionnaire sent to government agencies, developers, consultants and contractors. The final 
version of the survey involved 85 questions and it was sent to 480 construction actors. The results 
reveal that it is crucial that the process of managing the generation of C&D waste starts at the 
planning and designing stage so that the volume of generated waste could be decreased during the 
construction cycle. Suitable strategies for each stage of the construction cycle have been identified: 
among others, waste management plans and construction methods in the planning and designing 
stage; awareness and awards and regulations enhancement during the procurement phase; and 
effective management during the stages of construction and demolition. A causal-loop diagram 
(CLD) for managing C&D waste was developed according to the findings as shown in Figure 5.1. 
 
 
7.4 SIMULATION MODEL USING SDM (PHASE 3) 
 
The concept of circular economy (CE) is developed, based on the 3R principles of ‘reduce, reuse 
and recycle’ to maximise resource efficiencies and minimise environmental impacts. These 3R 
principles have long been distinguished as a way to control waste generation in the construction 
industry. However, there is little evidence of the effectiveness of 3R principles’ implementation in 
Malaysia. Therefore, to address this gap, the circularity-oriented model of C&D wastes developed 
in Phase 2 was simulated using system dynamics modelling (SDM) to determine the utilisation of 
3R principles throughout the construction cycle, and the contribution of key variables to the root 
causes of C&D waste generation. The application of the proposed model was developed using the 
Vensim software, while the data used to validate the model was obtained from the related literature, 
experts’ opinions through the Delphi method and questionnaires, and government documents. Three 
policy implementations – enhancement of reuse and recycle construction material, modern 
construction method and monitoring and creating awareness among workers – were simulated to 
investigate the effectiveness of the selected waste reduction strategy. The results indicate that all the 
policies complimented each other, and this can reduce 12% of the total waste generation. The 
reduction in waste generation could be useful to reduce landfilling, increase recycling rate, diminish 
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illegal dumping activities and preserve the environment. The results exhibited the benefits of system 
dynamics methodology to integrate the 3R principles in the management of C&D wastes throughout 
the construction cycle. 
 
 
7.5 SUMMARY OF CHAPTER 7 
 
From the discussion, it can be inferred that there is a general shift toward focusing on the 
management of C&D wastes in the construction industry. This shift leads to the commitment for 
environmental sustainability, which is the motivation factor for the construction actors to 
sustainably manage C&D waste. The results suggest that the extent to which waste minimisation 
strategies employs and influences the reduction in the waste generation.  
 
The chapter also discloses information on the extent to which the included variables in the SDM 
influence the waste generation and also determine the amount of waste that could be reduced. The 
results reveal that predictably the construction industry in Malaysia will generate 217, 993 tonnes of 
C&D waste by 2027 and the policy implementations (enhancement of reuse and recycle 
construction materials, modern construction method and monitoring and creating awareness 
among workers) simulated using SDM show that 26, 264 tonnes of C&D waste could be reduced. 
The following chapter presents a more detail explanation on how the research objectives of this 
study were accomplished and any future recommendations for future research also being described. 
The implications of this study also are included in the following chapter. 
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Chapter 8 – CONCLUSIONS AND RECOMMENDATIONS 
8.1 INTRODUCTION 
 
This research was conducted to develop a holistic model for C&D waste management in the 
Malaysian construction industry by establishing the 3R principles of reduce, reuse and recycle, 
construction actors’ responsibility and waste minimisation strategies to be adopted at each stage of 
the construction cycle. The background and objectives of this research were elaborated in Chapter 1 
while the existing literature regarding this research topic were reviewed in Chapter 2 before the 
development of research design was presented in Chapter 3. Chapters 4, 5 and 6 reported the 
findings obtained from the combination of Delphi method and AHP, distribution questionnaire and 
simulation process. These chapters form the basis for the result development discussed in Chapter 7. 
 
This chapter concludes the process of this research. Firstly, the research aim and objectives will be 
revisited and then, conclusion of the key findings was derived based on the research objectives. 
This is followed by a discussion on the implications of the research towards theoretical, 
methodological and industrial aspects before the research limitations are presented. Finally, 
recommendations for future research are suggested. 
  
8.2  RE-STATEMENT OF RESEARCH AIM AND OBJECTIVES 
 
This research sets out to develop a holistic model for C&D waste management that is applicable 
throughout the construction cycle in Malaysia. To achieve this aim, four objectives have been 
developed, as presented in Chapter 1.3. All four objectives have been accomplished through the 
application of a rigorous research method as described in Chapter 3 of the research. Table 8.1 
concludes the methods employed in attaining each research objective and presents the confirmation 
of such accomplishments.  
 
Table 8.1: Summary of Application of Methods in Attaining the Research Objectives 
Research Objective Methods Chapter Presented 
To investigate the C&D waste 
generation throughout the construction 
cycle and its impact on environment 
Extensive literature review on the issues and 
challenges in developing an effective C&D waste 
management system; the effect of improper C&D 
waste management on the environment; and the 
factors influencing C&D waste management. Various 
waste minimisation strategies were identified, and a 
Chapter 2  
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preliminary model was derived based on data 
gathered from the previous studies. 
To investigate how construction actors 
manage the C&D waste  generation 
throughout the construction cycle  
 
A combination of the Delphi method and the 
Analytical Hierarchy Process (AHP) was applied to 
validate the developed preliminary model. The 
validation process was carried out to seek an approval 
about its suitability to be applied in the Malaysian 
construction industry.  
Chapter 4 
To identify strategies of C&D waste 
minimisation that can be adopted 
throughout the construction cycle  
 
Data were collected from questionnaires to enhance 
the validation process and finalise the key variables 
to be included in the simulation process. SPPS was 
used to analyse the data, and the Causal Loop 
Diagram (CLD) was derived as an initial step in 
simulating the developed model of C&D waste 
management. 
Chapter 5 
To simulate the model of C&D waste 
management that has been developed 
The model of C&D waste management was then 
simulated in the context of the Malaysian 
construction industry. Vensim software was used to 
simulate the model, and various policy interventions 
were adopted to test the effectiveness of the model.  
Chapter 6 
 
8.3 SUMMARY OF RESEARCH FINDINGS 
 
This section summarises the main findings of this research, particularly research aspects that 
highlight the contribution of the research towards developing a better understanding of C&D waste 
management. The key findings related to each research question are discussed and presented as 
follows.  
 
8.3.1 C&D Waste Generation Issues and Challenges and Their Impacts on the Environment 
 
i) The issues related to the C&D waste generation are deemed as significant. The increasing 
amount of generated C&D wastes has become a challenge to the construction actors as they 
need to find alternatives solutions that are more efficient and sustainable. The environmental 
impacts of C&D waste generation are getting considerable attention from scholars around the 
world. In this regard, the issues related to the illegal dumping of C&D wastes, especially in 
developing countries, has put more pressure on the environmental aspects of the construction 
industry. Mismanagement also has been identified as an issue that needs to be rectified to 
develop a better C&D waste management as well as the lack of information related to C&D 
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waste management which has made the initiative to develop a better C&D waste management 
more difficult.  
ii) The main environmental impacts of C&D waste generation is the depletion of natural 
resources. The construction industry has required a lot of natural resources such as timbers, 
water, etc., which also inevitably have affected the natural environment of plant and animal 
habitats. Furthermore, construction activities also may cause excessive air, water and land 
pollution. The generated C&D wastes being disposed to the landfill are sometimes 
contaminated and appropriate precaution actions need to be taken to control the level of 
contamination. A more sustainable construction practice has been encouraged to cater for the 
environmental impacts of the construction industry; particularly C&D waste generation. Many 
assessment tools have also been introduced, such as BREEAM, LEED, Green Star, Green Mark 
and GBI, to promote environmentally-friendly construction processes. Each assessment tool 
has included waste minimisation strategies as one of the criteria to produce more sustainable 
and greener construction methods. 
iii) Even though the assessment tools mentioned above include waste minimisation strategies, it is 
not enough to comprehensively manage the C&D waste generation throughout the construction 
cycle. Therefore, focus should be given on how to utilise the waste management hierarchy; that 
includes re-imaging, re-designing, reducing, reusing, recycling, composting, incinerating and 
landfill disposal to effectively manage the C&D waste. In this regard, the 3R principles of 
‘reduce, reuse and recycle’ have been identified as the key aspects used in managing the C&D 
waste. The reduce mechanism has been identified as the most important principle where waste 
generation should be controlled as early as possible. Besides that, the more innovative way of 
managing the C&D waste is by considering the elements of re-imagine and re-design. These 
elements will improvise the traditional ways of designing the end products by putting a priority 
on reducing waste generation. However, a lot of previous studies were only focused on 
managing the C&D waste generated, by utilising the recycling mechanism.   
 
8.3.2 Awareness and Understanding of C&D Wastes Management 
 
i) The influencing factor of waste generation should be identified to get a better understanding of 
C&D waste management. This research has identified that the lack of control of on-site 
materials and a waste management plan are the main influencing factors of waste generation. 
The research has also shown the significance of creating awareness among the construction 
actors to develop a better C&D waste management. A motivation factor to establish C&D 
waste management needs to be determined to create such awareness. In the meantime, this 
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research found that the increasing commitment to environmental sustainability has been 
identified as the key factor to establish C&D waste management.    
ii) The construction industry is unique as it involves various parties, from the planning stage until 
the completion of the construction project. Therefore, it is essential to recognise who should be 
responsible in controlling waste generation throughout the construction cycle. This research has 
shown that government agencies, consultants and contractors should be responsible for 
controlling waste generation throughout the construction cycle, including the planning and 
designing stage, procurement stage, and construction and demolition stage. However, the 
government agencies are the most prominent organisations in ensuring the importance of 
controlling waste generation in the construction industry. 
iii) A more circular approach is required to successfully manage the C&D waste generation 
throughout the construction cycle by considering the elements of re-imagine and re-design, as 
well as the 3R principles of ‘reduce, reuse and recycle’. Priority should be given to reducing 
waste generation at the planning and designing stage and this can be done by adopting more 
environmentally-friendly development works where the elements of re-imagine and re-design 
should be integrated thoroughly at the beginning of a construction cycle. In this regard, the 
concept of circular economy (CE) has been identified as a suitable approach to manage the 
C&D waste throughout the construction cycle. By putting the idea of ‘turning the waste into 
wealth’ as a priority, the CE approach was used as a basis in this research for better C&D waste 
management. 
 
8.3.3 Development of C&D Waste Management Model  
 
i) Meanwhile, although the 3R principles of ‘reduce, reuse and recycle’ are well recognised, 
these principles have yet to be fully adopted throughout the construction cycle. The most 
obvious finding to emerge from this research is that the ‘reduce’ mechanism should be 
integrated into the planning and designing stage, as well as the procurement stage. Most of the 
construction actors have focused on the management of C&D wastes after they are being 
generated; ignoring the full benefits of prioritising the reduction of the waste generation before 
they are being generated. Even though the reduction of waste generation has been emphasised 
at those stages, it is necessary to consider the other principles of waste minimisation due to the 
almost impossible scenario to eliminate the waste generation altogether. Therefore, at the 
construction and demolition stage, the second finding has revealed that the 3R principle of 
‘reduce, reuse and recycle’ should be fully adopted by implementing it depending on its 
suitability to control the waste generation.  
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ii) The extent of successful reduction of waste generation throughout the construction cycle is 
reflected on the ability to select the most suitable waste minimisation strategies. At the 
planning and designing stage, the implementation of a modern construction method, such as 
IBS, was revealed to be the most appropriate strategy to reduce waste generation. Meanwhile, 
the finding has also highlighted the significance of regularly conducting awareness and training 
programmes on waste management among construction actors at the procurement stage. 
Finally, for the construction and demolition stage, the finding shows that the most suitable 
strategy is the importance of having an effective site management to control the waste 
generation. 
 
8.3.4 Simulating C&D Waste Management in Malaysia 
 
i) More than 100 variables were used in modelling the C&D waste management in Malaysia (see 
Appendix C). The selected variables were obtained from the relevant previous studies, 
government databases and experts’ opinions from the Delphi method and the questionnaire. 
The dynamics and interrelation among the variables were tested to assess the consequences of 
the decided actions accordingly. For instance, the increasing usage of a modern construction 
method will reduce the amount of C&D waste generation, and reducing waste generation will 
indirectly influence the reduction of illegal dumping issues.  
ii) Besides identifying the variables, it is necessary to define the problem in simulating the C&D 
waste management. The identified problem is the increasing amount of C&D waste due to high 
demand from the population; urbanization has increased people’s demand for better housing 
and infrastructure facilities. Consequently, the overwhelming demand will create opportunities 
for development works to be carried out, and this will influence the waste generation. It will 
indirectly put more pressure on the already over-stretched landfill, increase the illegal dumping 
issues and harm the environment. It can be solved, or at least, controlled by simulating the 
problem, as the simulation process has provided a platform to understand the complexity of the 
problem when there is no proper solution taken.  
iii) The model was divided into five sub-sectors; demand and supply of building, construction 
work, C&D waste generation, C&D waste processed and policy implementation. The reliability 
of the model was tested using structural validity test and behavioural validity test. The results 
revealed that the model is reliable and suitable to be used as a benchmark for the construction 
actors to find ways of reducing the waste generation. Even though there is a lack of historical 
data related to the Malaysian construction industry in this model, the assumptions made were 
close enough to the real-case scenario.  
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8.4 IMPLICATIONS OF RESEARCH 
 
This research has developed a holistic model of C&D waste management that is applicable 
throughout the construction cycle by utilising the concept of CE as its basis. This research also 
extends our knowledge of how important to develop a proper C&D waste management system. 
Moreover, it highlights the significance of selecting the proper waste minimisation strategies to be 
adopted throughout the construction cycle, as well as ensuring the selected strategies are being 
implemented by the responsible organisations. In all, the key contributions of this research can be 
presented through three perspectives: theoretical contributions, methodological contributions and 
industrial contributions.  
 
8.4.1 Theoretical Contributions 
 
i) Numerous previous studies focused on the on-site management of C&D waste by prioritising 
the benefits of reusing and recycling. However, little interest has been given in controlling 
waste generation throughout the construction cycle. This study provides additional evidence on 
the importance of controlling waste generation at the source.  
ii) This is the first study to investigate the potential of integrating the elements of re-imagine and 
re-design in the management of C&D waste. Both elements encourage the construction actors 
to shift the traditional ways of designing the end-products by prioritising how to control the 
waste generation as early as possible.  
iii) This is the first time the concept of CE has been utilised in a smaller scope by applying the 
micro, meso and macro level approaches as fundamental to developing a model on C&D waste 
management. A preliminary model of C&D waste management was developed based on the 
concept of CE, and the work has been published in the journal to affirm that this piece of 
evidence has made a theoretical contribution (Esa et al., 2016b).   
iv) This research has analysed different works on strategies for managing waste in various stages 
of the construction cycle and has developed respective waste minimisation strategies that are 
suitable to be adopted in the Malaysian construction industry. It fills the knowledge gap on the 
effective ways to manage C&D waste throughout the construction cycle in Malaysia. It can 
guide the construction actors to manage C&D waste according to the particular stages of the 
construction cycle.  
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8.4.2 Methodological Contributions 
 
i) The use of the Delphi method and the AHP in this research to measure the level of agreement 
on the most suitable principles and waste minimisation strategies to be adopted throughout the 
construction cycle, has made it possible to verify the different perspectives among the 
construction actors. This method provides a methodological contribution that allows the waste 
management efforts to be explored at different stages of the construction cycle as it has the 
ability to accumulate integrated perspectives from the government agencies, developers, 
consultants and contractors who influenced the result of effective C&D waste management. 
ii) Numerous applications of measurement scale in the form of questionnaires were used in 
previous studies to investigate the area of C&D waste management including the influencing 
factors of waste generation, sorting behaviour, roles of design teams to reduce waste etc. 
(Begum et al., 2007b; Osmani et al., 2008; Poon et al., 2001b). Other studies have applied 
different methods such as interviews, case studies and simulation techniques to obtain useful 
findings in the area of C&D waste management (Lockrey et al., 2016; Lu et al., 2016; J. Wang 
et al., 2015; Zambrana-Vasquez et al., 2016). These methods, however, did not 
comprehensively cover the full aspects of C&D waste management that are applicable 
throughout the construction cycle.  
iii) The SDM applied in this study has widened the understanding of the interrelations among the 
variables towards creating better C&D waste management in Malaysia. The simulation process 
involved has extended our knowledge of integrating the 3R principles of ‘reduce, reuse and 
recycle’ in the management of C&D waste throughout the construction cycle in Malaysia. The 
method therefore assists in our understanding of the role of SDM in clarifying the complex and 
dynamic scenario of C&D waste management.  
 
8.4.3 Industrial Contributions 
 
As this research reflected the waste management in the construction industry, therefore, the 
industrial contributions in this section is focused on the construction industry. The holistic model of 
C&D waste management developed from this research provides a practical guide for construction 
firms in managing the wastes more effectively and systematically. This model provides a better 
understanding of the requirements for prioritising the waste management throughout the 
construction cycle and making it a holistic guide for preserving the environment. The model could 
serve the following purposes:- 
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i) The holistic model of C&D waste management developed in this research provides a platform 
for construction actors to adopt a better C&D waste management strategy that could mitigate 
the environmental impacts throughout the construction cycle. This model offers a better 
perspective on the selection of waste minimisation strategies to be adopted throughout the 
construction cycle.  
ii) Currently, there is no proper guideline in the management of C&D waste that can be applied 
throughout the construction cycle in Malaysia. This model could be useful to guide the 
construction actors to manage C&D waste efficiently. SWCorp, as the responsible organisation 
in regulating the rules related to C&D waste management in Malaysia has shown interest on the 
outcomes of this research. The findings and suggestions from this research will be proposed, to 
provide them with an option on how to manage the C&D waste generation throughout the 
construction cycle.  
iii) The holistic model proposed in this research could attract the attention of construction actors 
and urge them to prioritise the management of C&D waste as early as possible. In this regard, 
instead of focusing on managing the waste at the construction and demolition stage, applying 
the reduction strategy at the beginning of the construction cycle will significantly reduce waste 
generation throughout the construction cycle.  
iv) Simulating the C&D waste management system will also definitely help construction actors to 
identify the effect of ignoring the suggested strategy included in the model. These construction 
actors can also make a prediction on how much waste could be generated or could be reduced 
from the proposed model.   
 
 
8.5 LIMITATIONS OF RESEARCH 
 
The limitations of this research are:- 
i) It is quite a challenging task to develop a holistic model of C&D wastes management due to 
the limited number of past studies and implementation. Most developed nations, such as the 
US, the UK, Japan and Singapore have been more focused on the recycling mechanisms as 
they have adopted modern construction methods that can further reduce waste generation. 
Meanwhile, in developing countries like Malaysia, Thailand and Vietnam, the integration of 
the 3R principles (Reduce, Reuse and Recycle) is necessary to ensure the effectiveness of 
C&D waste generation. Besides that, there are very limited studies that incorporate the 
concept of a CE as an approach for waste minimisation. 
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ii) The research is based on the findings gathered from the opinions of Malaysian construction 
actors. Therefore, the outcomes of this research may not represent the suitability of C&D 
waste management implementation in other countries, due to different construction 
processes, legislations involved, weather conditions, etc.  
iii) There is a lack of information on the statistical data on the aspects related to C&D waste 
management in Malaysia and this has limited the amount of data available for research. For 
example, it is quite difficult to obtain a total annual amount of C&D waste generated in 
Malaysia. Therefore, for the purpose of the simulation process, the authors have decided to 
use necessary assumptions and any related information obtained from the previous studies. 
 
 
8.6 RECOMMENDATIONS FOR FUTURE WORKS 
 
Based on the outcomes and limitations of this research, it is recommended that future studies should 
consider the following areas:- 
i) The significance of prioritising a waste reduction strategy as early as possible has been well 
proven. Therefore, further studies should focus on investigating better solutions in the 
management of C&D waste at the planning and designing stages, as this will add valuable 
results to the construction industry. 
ii) It would be interesting to assess the effects of the results obtained from the simulation 
process. Therefore, further research is required to determine whether the proposed model is 
sufficient enough to reduce the waste generation. The proposed model could be applied in a 
real case scenario to determine its effectiveness. 
iii) The holistic model developed in this research mainly focuses on mitigating the 
environmental impacts of the construction processes. It is suggested that the cost 
implications of adopting C&D waste management is investigated in future studies. 
iv) Regulation enhancement is identified as one of the significant aspects in developing a better 
C&D waste management. The element of regulatory aspect is not evaluated in the 
simulation process of the model even though it was part of the model. Therefore, it is worth 
investigating the impacts of enhancing the regulations in the management of C&D waste. 
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8.7 SUMMARY OF CHAPTER 8 
 
The increasing activities of construction related products, such as housing and infrastructure, and 
emerging demands for sustainable construction in Malaysia lead to an increased call for a better 
C&D waste management. A shift of mindset towards prioritising the waste management is quite 
difficult without the governmental participation. Understanding the importance of minimising waste 
generation is necessary among the construction actors in Malaysia. Moreover, preserving the 
environment should become their motivation factor to focus more on waste management in any 
construction projects. The concept of CE has a great potential to be a basis for C&D waste 
management. The incorporation of the ‘turning waste into wealth’ idea into the concept of CE 
should become a platform for the construction actors to reconsider their attitude towards managing 
waste throughout the construction cycle. 
 
This research has presents the different perceptions of construction actors from various background 
including contractors, consultants, developers and government agencies. The outcomes has aided 
the development of a holistic model for C&D waste management in Malaysia. It has identified the 
key principles and strategies to be adopted in the model; and established their interrelationship 
during the simulation process using SDM. The formulation of the results of this research will 
provide a consistent approach to waste management in the construction industry and will enhance 
the consideration of effective waste management and address concern about preserving the 
environment.      
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Moving towards Sustainable Construction in Malaysia: A Holistic Model for Construction 
and Demolition (C&D) Waste Management 
 
INFORMATION 
Project Overview 
This research project will examine how construction waste can be managed throughout the construction 
cycle by integrating the concept of Circular Economy (CE). The concept of CE is a prominent approach to 
sustainably manage the resources as well as minimise wastes. CE endeavours to ensure that waste can be 
resourcefully managed. CE is developed based on the 3R principles of Reduce, Reuse and Recycle and can 
be successfully implemented using the three-layer approaches of micro, meso and macro levels. A 
preliminary model will be developed based on the outcomes derived from the participation of construction 
actors. The developed model will then be validated using the system dynamic modelling to further enhance 
the suitability of the model to be applied in real-life scenarios. This model will help the construction actors 
and government to conserve the natural environment by implementing sustainable and greener construction 
practices. 
 
Participant involvement 
The method applied in this research is Delphi method. The Delphi method adopted in this research consisted 
of three (3) rounds. In the 1st round, it will involve a very simple open-ended solicitation of questions about 
the construction waste management in Malaysia. The respondents will be asked to provide a minimum of 
three (3) ways of minimising the construction wastes throughout the construction cycle. The 2nd round of 
questionnaire deals with the validation process from the respondents. The researcher will compile, 
consolidate and group the answers given in the first round and the respondents will verify the compilation to 
ensure that the researcher has correctly interpreted the responses given. In the 2nd round, an Analytical 
Hierarchy Process (AHP) will be used to select the best potential waste minimisation strategy that could be 
adopted at different stages of construction cycle. Finally in the 3rd round of Delphi method, the respondents 
will be provided with the result where they are required to reconsider it or give consensus to finalise the 
result. Each round of online survey is not expected to exceed 15 minutes in duration. 
  
Confidentiality 
The confidentiality measures required by respondents will be recorded based on the provided Participant 
Consent Form in the next page. The researcher will not identify respondents in any way other than that 
agreed upon. Subject to specified confidentiality arrangements, should a respondent be directly quoted in any 
published material, they will be sent a draft at least one week before it is due to be submitted. 
 
Withdrawal from Participation 
The respondents can withdraw from the study at any time. If, subsequent to the online survey, the respondent 
wishes to withdraw consent for the use of all, or a part of, any data gained from their participation, they may 
do so by advising the researcher in writing.  In case of withdrawal, the initial collection of data will be 
destroyed and no other information related to the respondent will be kept and used. 
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Access to Results 
At any time subsequent to the online survey, the respondent may request to view the results. 
 
Contact Details 
If you have questions or concerns about your role and rights as a research respondent, or would like to obtain 
information or offer additional input, you may contact either Mohd Reza Esa (ph: +61424353665; email: 
m.esa@uq.edu.au) or Dr Anthony Halog (ph: 073365 6141; email: a.halog@uq.edu.au). 
 
PARTICIPANT CONSENT FORM 
1) Please indicate how you wish to be identified in material that may be generated from this research: 
   Name, title and company 
   A representative from [Company Description] (e.g. A representative from a construction related 
company operating in Malaysia stated that…) 
   Other (please specify) 
   __________________________________________________________________________ 
 
2) I agree / do not agree (please select tickbox below) to complete the following questionnaire for 
the above mentioned research project on the basis that: 
 I agree to be involved in the above research project as a participant. I have read the research 
information sheet pertaining to this research project and understand the nature of the research and my 
role in it.   
 I agree that the information I provide will be used for the purposes of this research project and I 
understand the steps that are taken to protect my rights to anonymity should I require it. 
 I understand that I am free to withdraw, either wholly or partially, from the research at any time, for 
any reason and without prejudice. 
 
  Agree 
  Do not agree 
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ROUND 1 Delphi Method– Questionnaire 
Section A – Background 
 
1. Your current position ____________________________________________________________ 
2. Years of experience in the construction industry _______________________________________ 
3. Select which of the following organisations you are involved with? (Please tick only one appropriate 
box) 
   Developers 
   Contractors 
   Government Agencies (JKR, CIDB etc.) 
   Consultants:   Architect 
   Civil & Structural Engineering 
   Mechanical & Electrical Engineering 
   Quantity Surveyors 
 
Section B – Waste Minimisation Strategy  
 
Planning and Designing Stage 
 
1. Based on the 3R principles of Reduce, Reuse and Recycle, which waste minimisation principles are 
suitable to be adopted at the planning and designing stage? (You can choose more than one) 
   Reduce 
   Reuse 
   Recycle 
 
2. Who should be involved at the planning and designing stage to ensure that emphasis is given towards 
construction waste management? (You can choose more than one) 
   Developers 
   Contractors 
   Government Agencies (JKR, CIDB etc.) 
   Consultants    
 
3. Based on the note given, please list three (3) waste minimisation strategies that are suitable to be 
adopted at the planning and designing stage. (You are definitely welcome to provide other than the 
suggested strategies in the note given) 
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
_____________________________________________________ 
Note: 
The following are some of the waste minimisation strategies found in previous research studies and 
literature. 
 Material Selection (e.g. eco-labelling products) 
 Modern Method of Construction (e.g. IBS) 
 Modular Design (e.g. modular coordination) 
 Eco-industrial Park Development 
 Eco-design 
 Cleaner Production Audits 
 Multi-functional Building (e.g. SoHo) 
 Ease of Disassembly 
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Procurement Stage 
 
1. Based on the 3R principles of Reduce, Reuse and Recycle, which waste minimisation principles are 
suitable to be adopted at the procurement stage? (You can choose more than one) 
   Reduce 
   Reuse 
   Recycle 
 
2. Who should be involved at the procurement stage to ensure that emphasis is given towards construction 
waste management? (You can choose more than one) 
   Developers 
   Contractors 
   Government Agencies (JKR, CIDB etc.) 
   Consultants   
 
3. Based on the note given, please list three (3) waste minimisation strategies that are suitable to be 
adopted at the procurement stage. (You are definitely welcome to provide other than the suggested 
strategies in the note given) 
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
_____________________________________________________ 
 
Note: 
The following are some of the waste minimisation strategies found in previous research studies and 
literature. 
 Enhancement of Regulation Related to Construction Waste 
 Awards  
 On-site Sorting Technique of Wastes 
 Off-site Sorting Technique of Wastes 
 Awareness and Training  
 Revision on Standard Form of Contracts  
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Construction and Demolition Stage 
 
1. Based on the 3R principles of Reduce, Reuse and Recycle, which waste minimisation principles are 
suitable to be adopted at the construction and demolition stage? (You can choose more than one) 
   Reduce 
   Reuse 
   Recycle 
 
2. Who should be involved at the construction and demolition stage to ensure that emphasis is given 
towards construction waste management? (You can choose more than one) 
   Developers 
   Contractors 
   Government Agencies (JKR, CIDB etc.) 
   Consultants   
 
3. Based on the note given, please list three (3) waste minimisation strategies that are suitable to be 
adopted at the construction and demolition stage. (You are definitely welcome to provide other than the 
suggested strategies in the note given) 
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
_____________________________________________________ 
 
Note: 
The following are some of the waste minimisation strategies found in previous research studies and 
literature. 
 Monitoring Labourer’s Attitudes 
 Collaborating and Communicating among Project Team Members 
 Recycling Facilities 
 Site Management (e.g. proper storage facilities) 
 Appropriate Plants for Demolition Works 
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ROUND 2 Delphi Method– Questionnaire 
 
Thank you for your feedback in the Round 1 of Delphi method. The result for Round 1 has been summarised 
as follows:- 
1) Reduce and reuse are the most opted principles to be adopted at the planning and designing stage. 
Developers and consultants are the responsible organisations in emphasising the waste minimisation 
strategies of materials selection, modern method of construction and modular design.  
2) Reduce and recycle are the most opted principles to be adopted at the procurement stage. Consultants 
and government agencies are the responsible organisations in emphasising the waste minimisation 
strategies of awareness and training, enhancement of regulation related to construction waste and 
revision on standard form of contracts.  
3) Reuse and recycle are the most opted principles to be adopted at the construction and demolition 
stage. Contractors and consultants are the responsible organisations in emphasising the waste 
minimisation strategies of site management, monitoring labourer’s attitudes and recycling facilities.  
 
In Round 2, a pair-wise comparison will be used. The experts are required to compare the level of 
importance between the stated criteria (principles, organisations and strategies). The factor weighting score is 
as follow:- 
 
Scale Degree of Preference 
1 Equal Importance 
3 Moderate Importance 
5 Strong Importance 
7 Very Strong Importance 
9 Extreme Importance 
2,4,6,8 Values for inverse comparison 
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Section A – Planning and Designing Stage 
Please rate the level of importance accordingly.  
 
1. From Round 1, two (2) principles had been identified as the most selected principles to be adopted at the 
planning and designing stage. Which principle is more important?  
Principle 
Factor Weighting Score 
Principle 
More important than Equal Less important than 
Reduce 9 7 5 3 1 1/3 1/5 1/7 1/9 Reuse 
 
2. From Round 1, two (2) organisations had been selected to be involved at the planning and designing 
stage in emphasising the implementation of construction waste management. Which organisation plays 
a more important role in planning and designing? 
Organisations 
Factor Weighting Score 
Organisations 
More important than Equal Less important than 
Government 
Agencies 
9 7 5 3 1 1/3 1/5 1/7 1/9 Consultants 
 
3. From Round 1, three (3) waste minimisation strategies have been identified as the suitable ones to be 
adopted at the planning and designing stage. 
a) Which strategy is more important to support the reduce principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Materials 
Selection 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Modern Method 
of Construction 
Modern Method 
of Construction 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Modular 
Design 
Modular 
Design 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Materials 
Selection 
 
b) Which strategy is more important to support the reuse principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Materials 
Selection 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Modern Method 
of Construction 
Modern Method 
of Construction 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Modular 
Design 
Modular 
Design 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Materials 
Selection 
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Section B – Procurement Stage 
 
4. From Round 1, two (2) principles had been identified as the most selected principles to be adopted at the 
procurement stage. Which principle is more important?  
Principle 
Factor Weighting Score 
Principle 
More important than Equal Less important than 
Reduce 9 7 5 3 1 1/3 1/5 1/7 1/9 Recycle 
 
 
5. From Round 1, two (2) organisations had been selected to be involved at the procurement stage in 
emphasising the implementation of construction waste management. Which organisation plays a more 
important role in procurement? 
Organisations 
Factor Weighting Score 
Organisations 
More important than Equal Less important than 
Government 
Agencies 
9 7 5 3 1 1/3 1/5 1/7 1/9 Consultants 
 
 
6. From Round 1, three (3) waste minimisation strategies have been identified as the suitable ones to be 
adopted at the procurement stage. 
a) Which strategy is more important to support the reduce principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Awareness & 
Training 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Enhancement of 
Regulation 
Related to 
Construction 
Waste 
Enhancement of 
Regulation 
Related to 
Construction 
Waste 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Revision on  
Standard Form 
Of Contracts 
Revision on  
Standard Form 
Of Contracts 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Awareness & 
Training 
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b) Which strategy is more important to support the recycle principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Awareness & 
Training 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Enhancement of 
Regulation 
Related to 
Construction 
Waste 
Enhancement of 
Regulation 
Related to 
Construction 
Waste 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Revision on  
Standard Form 
Of Contracts 
Revision on  
Standard Form 
Of Contracts 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Awareness & 
Training 
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Section C – Construction and Demolition Stage 
 
7. From Round 1, two (2) principles had been identified as the most selected principles to be adopted at the 
construction and demolition stage. Which principle is more important?  
Principle 
Factor Weighting Score 
Principle 
More important than Equal Less important than 
Reuse 9 7 5 3 1 1/3 1/5 1/7 1/9 Recycle 
 
8. From Round 1, two (2) organisations had been selected to be involved at the construction and 
demolition stage in emphasising the implementation of construction waste management. Which 
organisation plays a more important role in construction and demolition? 
Organisations 
Factor Weighting Score 
Organisations 
More important than Equal Less important than 
Contractors 9 7 5 3 1 1/3 1/5 1/7 1/9 Consultants 
 
9. From Round 1, three (3) waste minimisation strategies have been identified as the suitable strategy to be 
adopted at the construction and demolition stage. 
a) Which strategy is more important to support the reuse principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Site 
Management 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Monitoring 
Labourer’s 
Attitudes 
Monitoring 
Labourer’s 
Attitudes 
9 7 5 3 1 1/3 1/5 1/7 1/9 Recycling Facilities 
Recycling Facilities 9 7 5 3 1 1/3 1/5 1/7 1/9 
Site 
Management 
 
b) Which strategy is more important to support the recycle principle? 
Strategy 
Factor Weighting Score 
Strategy 
More important than Equal Less important than 
Site 
Management 
9 7 5 3 1 1/3 1/5 1/7 1/9 
Monitoring 
Labourer’s 
Attitudes 
Monitoring 
Labourer’s 
Attitudes 
9 7 5 3 1 1/3 1/5 1/7 1/9 Recycling Facilities 
Recycling Facilities 9 7 5 3 1 1/3 1/5 1/7 1/9 
Site 
Management 
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ROUND 3 Delphi Method – Consensus Stage 
 
Thank you for your feedback in the Round 2 of Delphi method. The result for Round 2 has been summarised 
and in this stage, the experts are required to re-consider the result or give consensus on the result.  
 
The results are being ranked according to the analysis that has been conducted. The experts are required to 
agree with the stated rank or suggest a new rank at the final result column, that are appropriate based on the 
suitability and applicability in Malaysian construction industry. 
 
Section A – Planning and Designing Stage 
 
1. The most important principles to be adopted at planning and designing stage. 
 
Principles Percentage Rank Final Result 
Reduce 72.26% 1  
Reuse 27.74% 2  
 
2. The most important organisations to emphasise the implementation of construction waste management at 
planning and designing stage. 
 
Organisations Percentage Rank Final Result 
Government 50.53% 1  
Consultant 49.47% 2  
 
3. A suitable waste minimisation strategy that could be adopted at planning and designing stage by 
considering the reduce principle. 
 
Strategy Percentage Rank Final Result 
Modern Method of 
Construction 
36.27% 1  
Material Selection 33.52% 2  
Modular Design 30.22% 3  
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4. A suitable waste minimisation strategy that could be adopted at planning and designing stage by 
considering the reuse principle. 
 
Strategy Percentage Rank Final Result 
Material Selection 41.74% 1  
Modular Design 35.98% 2  
Modern Method of 
Construction 
22.28% 3  
 
 
Section B – Procurement Stage 
 
1. The most important principles to be adopted at procurement stage. 
 
Principles Percentage Rank Final Result 
Reduce 68.16% 1  
Recycle 31.84% 2  
 
2. The most important organisations to emphasise the implementation of construction waste management at 
procurement stage. 
 
Organisations Percentage Rank Final Result 
Government 64.09% 1  
Consultant 35.91% 2  
 
3. A suitable waste minimisation strategy that could be adopted at procurement stage by considering the 
reduce principle. 
 
Strategy Percentage Rank Final Result 
Enhancement of 
Regulation Related to 
Construction Waste 
43.64% 1  
Awareness & Training 35.08% 2  
Revision on Standard 
Form of Contracts 
21.27% 3  
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4. A suitable waste minimisation strategy that could be adopted at procurement stage by considering the 
recycle principle. 
 
Strategy Percentage Rank Final Result 
Awareness & Training 43.43% 1  
Enhancement of 
Regulation Related to 
Construction Waste 
30.69% 2  
Revision on Standard 
Form of Contracts 
25.87% 3  
 
 
Section C – Construction and Demolition Stage 
 
1. The most important principles to be adopted at construction and demolition stage. 
 
Principles Percentage Rank Final Result 
Reuse 63.41% 1  
Recycle 36.59% 2  
 
2. The most important organisations to emphasise the implementation of construction waste management at 
construction and demolition stage. 
 
Organisations Percentage Rank Final Result 
Contractor 66.30% 1  
Consultant 33.70% 2  
 
3. A suitable waste minimisation strategy that could be adopted at construction and demolition stage by 
considering the reuse principle. 
 
Strategy Percentage Rank Final Result 
Site Management 52.54% 1  
Monitoring Labourer’s 
Attitudes 
26.72% 2  
Recycling Facilities 20.74% 3  
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4. A suitable waste minimisation strategy that could be adopted at construction and demolition stage by 
considering the recycle principle. 
 
Strategy Percentage Rank Final Result 
Site Management 37.36% 1  
Monitoring Labourer’s 
Attitudes 
32.86% 2  
Recycling Facilities 29.78% 3  
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Dear Sir/Madam, 
 
A SURVEY ON THE CONSTRUCTION AND DEMOLITION (C&D) WASTE MANAGEMENT IN 
MALAYSIA 
 
This is to inform you of a research that is currently undertaken at the University of Queensland, Australia on 
A Holistic Model for Construction and demolition (C&D) Waste Management in Malaysia. We would be 
very grateful for your assistance in completing the attached questionnaire, in order to capture the 
management of C&D wastes in the Malaysian construction industry. 
 
This research project will examine how construction waste can be managed throughout the construction 
cycle by integrating the concept of Circular Economy (CE). The concept of CE is a prominent approach 
to sustainably manage the resources as well as minimise wastes. CE endeavours to ensure that waste 
can be resourcefully managed. CE is not only developed based on the 3R principles of Reduce, Reuse 
and Recycle, but also including the elements of Re-imagine and Re-design to maximise the resource 
efficiencies by reconsidering the processes and the designing-out of the wastes. A preliminary model will 
be developed based on the outcomes derived from the participation of construction actors. 
 
Please complete this questionnaire and return in the enclosed self-addressed envelope not later than 8th 
January 2016. We will like to assure you that any information provided would be treated confidentially.  If 
you have any enquiries on the survey please do not hesitate to contact either Mohd Reza Esa (Tel: 03-
55444376 or 011-16431108) and (Email: m.esa@uq.edu.au or reza_2711@yahoo.com) at the address below 
or Dr Anthony Halog (Tel: +61073365 6141; and email: a.halog@uq.edu.au) or Dr Lucia Rigamonti (Tel: 
+390223996415; email: lucia.rigamonti@polimi.it. Your response to this questionnaire is crucial to the 
success of this research and we look forward to your reply, comments and suggestions. 
 
Yours sincerely, 
MOHD REZA ESA 
No 25, Jalan Selasih U12/26A, 
Taman Cahaya Alam, Seksyen U12, 
40170 Shah Alam, Selangor.  
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Participant Consent Form 
Project title: Moving towards Sustainable Construction in Malaysia: A Circularity-based Planning 
Approach to Construction and Demolition (C&D) Waste Management. 
 
Researcher:  Mohd Reza Esa (PhD Student, the University of Queensland) 
 
Participant Identification 
 
Please indicate how you wish to be identified in material that may be generated from this research: 
 Name, title and company  
 A representative from [Company Description] (e.g. A representative from a construction related company 
operating in Malaysia stated that…) 
 Other: 
……………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………… 
Please list any additional confidentiality requirements you wish to place on the use of the information you 
provide: 
………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………… 
 
Participant Consent 
 
In signing this form:  
1. I agree to be involved in the above research project as a participant. I have read the research 
information sheet pertaining to this research project and understand the nature of the research and my 
role in it.   
2. I agree that the information I provide will be used for the purposes of this research project and I 
understand the steps that are taken to protect my rights to anonymity should I require it. 
3. I understand that I am free to withdraw, either wholly or partially, from the research at any time, for 
any reason and without prejudice. 
 
Name:  
Company:  
Phone:  
Email:  
 
Signed:  
 
Date: 
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INTRODUCTION 
 
This questionnaire seeks your opinions regarding the model for construction and demolition (C&D) waste 
management throughout the construction cycle using the concept of circular economy. All information 
will be treated in the strictest confidence and used solely for academic research. This questionnaire is in four 
(4) sections:- 
 
Section I : General Information 
Section II : Influencing Factors of Waste Generation 
Section III : Waste Minimisation Strategy  
Section IV : General Comments 
 
Section I – General Information 
 
1. Your current position ____________________________________________________________ 
 
(Please tick the appropriate boxes) 
2. Years of experience in the construction industry  
   Below 5 years 
   5 to 10 years 
   Above 10 years 
 
3. Select which of the following organisations you are involved with?  
   Developers 
   Contractors 
   Government Agencies (JKR, CIDB etc.) 
   Consultants:   Architect 
   Civil & Structural Engineering 
   Mechanical & Electrical Engineering 
   Quantity Surveyors 
 
4. How do you rate the management of construction and demolition (C&D) wastes in Malaysia? 
Poor 
Satisfactory 
Good 
Very Good 
Outstanding 
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5. Do you agree each construction stages will contribute to the waste generation? 
Yes 
No 
 
6. Do you agree construction and demolition (C&D) wastes should be managed throughout the 
construction cycle? 
Yes 
No 
 
7. Have you heard about the concept of circular economy? 
Definition: Circular economy is an emerging notion that could be used to transform the linear-based economy 
towards a circular approach by maximising the resources. CE is not only developed based on the 3R principles of 
Reduce, Reuse and Recycle, but also including the elements of Re-imagine and Re-design to maximise the resource 
efficiencies by reconsidering the processes and the designing-out of the wastes. 
Yes 
No 
 
(Please rate on a scale 1 to 5; where 1 = Not important; 2 = Somewhat important; 3 = Important; 4 = Very 
important; 5 = Extremely important) 
8. Which of the following items motivate your organisations to establish a proper construction and 
demolition (C&D) waste management throughout the construction cycle? 
 1 2 3 4 5 
a) Improve the organisation’s public image      
b) Increase commitment to environmental sustainability      
c) Reduce costs      
d) Improve health and safety work conditions      
e) Increase the organisation’s competitiveness      
Others (Please Specify) 
_________________________________________________________________ 
_________________________________________________________________ 
_________________________________________________________________ 
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Section II – Influencing Factors of Waste Generation 
 
a) Which of the following factors will influence the waste generation in the construction projects? (Please 
rate on a scale 1 to 5; where 1 = Strongly disagree; 2 = Disagree; 3 = Neither agree or disagree; 4 = 
Agree; 5 = Strongly agree) 
 
Source Influencing Factors 1 2 3 4 5 
Design 
  
Errors in contract documents      
Contract documents incomplete at commencement of 
construction 
     
Changes in design      
Choices about specifications of products      
Choice of low quality products       
Lack of attention paid to sizes of used products      
Designer is not familiar with possibilities of different products      
Lack of influence of contractors and lack of knowledge about 
construction 
     
Procurement 
  
  
Ordering errors, over-ordering, under-ordering      
Lack of possibilities to order small quantities      
Use of products that do not fit      
Materials 
Handling 
  
  
Damage during transportation to site/on site      
Inappropriate storage leading to damage or deterioration      
Unpacked supply      
Throwaway packaging      
Operation 
  
  
  
Error by tradesperson or labourer      
Equipment malfunction      
Inclement weather      
Accidents       
Damage caused by subsequent trades      
Use of incorrect material, requiring replacement      
Method to lay the foundation      
Required quantity of products unknown due to imperfect 
planning 
     
Information about types and sizes of products that will be used 
arrives too late to the contractors 
     
Demolition 
Unclear between selective and non-selective demolition      
Unsuitable plants used to carry out the demolition works       
Residual 
  
  
  
Conversion waste from cutting uneconomical shapes      
Off-cuts from cutting materials to length      
Overmixing of materials for wet trades due to a lack of 
knowledge of requirements 
     
Waste from application process      
Packaging      
Other 
  
Criminal waste due to damage or theft       
Lack of on-site materials control and waste management plan      
Others (Please Specify) 
_________________________________________________________________ 
     
Strongly 
Disagree 
Strongly 
Agree 
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_________________________________________________________________ 
_________________________________________________________________ 
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Section III – Waste Minimisation Strategy  
 
Definition: 
1) Re-imagine “revising the traditional way of producing building by focusing on the environmental 
impacts of the end-products rather than profitability alone” 
2) Re-design “a consideration is given on how can we design building that could minimise the waste 
generations rather than aesthetic value alone” 
3) Reduce “the design, manufacture, purchase, or use of materials to reduce their quantity or 
toxicity before they reach the waste stream” 
4) Reuse “waste materials can sometimes be used again for the same intended purpose or for a 
different purpose” 
5) Recycle “series of activities that include the collection of used, reused, or unused items that 
would otherwise be considered as wastes and then these items are sorted and processed 
into raw materials or remanufactured into new products” 
 
1. Based on 3R principles of Reduce, Reuse and Recycle, which principles are suitable to be adopted at the 
different stages of construction cycle? (You can tick more than ONE) 
Construction Cycle Reduce Reuse Recycle 
a) Planning and Designing    
b) Procurement    
c) Construction and Demolition    
 
2. Re-imagine the common practices and re-design the waste are other options that can be considered in 
managing the construction and demolition (C&D) wastes. 
a) Do you agree to re-imagine the traditional ways of designing the end products? 
Yes 
No 
 
b) Do you agree to re-design the end product by putting a priority towards reducing the waste 
generation? 
c) Yes 
d) No 
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(Please rate on a scale 1 to 5; where 1 = Not important; 2 = Somewhat important; 3 = Important; 4 = Very 
important; 5 = Extremely important) 
 
3. Which of the following waste minimisation strategy is suitable to be adopted at the planning and 
designing stage? 
 1 2 3 4 5 
a) Material selection (e.g. eco-labelling products)      
b) Modern method of construction (e.g. Industrialised Building System - 
IBS) 
     
c) Encourage the implementation of modular design (e.g. modular 
coordination) to promote standardization of construction materials and 
elements 
     
d) Cleaner production audits      
e) Multi-functional spatial that creates spaces that have multiple purposes 
(e.g. Small Office/Home Office - SoHo) 
     
f) Ease of disassembly      
g) The application of Building Information Modelling (BIM) to simulate 
and assess the design before it is going to be built 
     
h) Set target of allowable wastage      
i) Types and quantities of construction wastes are estimated for each of 
the construction activities conducted 
     
j) Reusable elements by considering the future dismantling of 
components 
     
k) All the stakeholders are involved in the coordination of the waste 
management plan 
     
l) A coordinator of the waste management plan is designated and is 
responsible for ensuring that the plan is followed on site 
     
Others (Please Specify) 
_________________________________________________________________ 
_________________________________________________________________ 
_________________________________________________________________ 
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(Please rate on a scale 1 to 5; where 1 = Not important; 2 = Somewhat important; 3 = Important; 4 = Very 
important; 5 = Extremely important) 
 
4. Which of the following waste minimisation strategy is suitable to be adopted at the procurement 
stage? 
 1 2 3 4 5 
a) Eco-industrial park development      
b) Eco-design      
c) Enhancement of regulation related to construction waste      
d) Awards are given to those who have successfully reducing the waste 
generation 
     
e) Awareness and training on waste management      
f) Revision on standard form of contracts are required to ensure the waste 
management plan compulsory  
     
g) Green procurement      
h) Give reward to those effectively applied construction waste management 
and provide punishment for those who failed to apply construction waste 
management 
     
i) Employ sub-contractor with the ability to manage the waste efficiently      
j) A compulsory of applying the Green Building Index (GBI) in the 
construction project 
     
k) Produce a mandatory minimum IBS Score to be achieved in order to 
support the implementation of IBS and at the same reducing the waste 
generation 
     
Others (Please Specify) 
_________________________________________________________________ 
_________________________________________________________________ 
_________________________________________________________________ 
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(Please rate on a scale 1 to 5; where 1 = Not important; 2 = Somewhat important; 3 = Important; 4 = Very 
important; 5 = Extremely important) 
 
5. Which of the following waste minimisation strategy is suitable to be adopted at the construction 
and demolition stage? 
 1 2 3 4 5 
a) Monitoring Labourer’s Attitudes      
b) The waste management plan is applied and compliance is ensured      
c) Sub-contractors commit in writing that they are responsible for meeting 
the on-site waste management plan 
     
d) Collaborating and communicating among project team members      
e) On-site sorting technique of wastes      
f) Off-site sorting technique of wastes      
g) Increase the availability of recycling facilities at the hot-spot areas      
h) Site management (e.g. proper storage facilities)      
i) Appropriate plants for demolition works      
j) Selective dismantling or disassembly is prioritised over massive 
demolition 
     
k) Accurate forecasts of the quantity of materials needed to carry out the 
job are made and long periods of on-site storage are avoided 
     
l) Mobile crushers are available on-site to recycle and reuse inert wastes      
Others (Please Specify) 
_________________________________________________________________ 
_________________________________________________________________ 
_________________________________________________________________ 
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Section IV – General Comments 
 
1. Please provide any comments on how construction and demolition (C&D) waste management in 
Malaysia can be improved. 
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
___________________________________________________________________________________
____________________________________________________ 
 
FOR ALL PARTICIPANTS  
I sincerely appreciate your time and cooperation. Please check to make sure that you have not skipped any 
questions. Thank you very much for your cooperation and help. 
 
I would like a copy of the research result              YES                NO 
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Data inputs of variables in the model  
Variables Unit 
Population people 
Immigrate people/month 
Migrate people/month 
Fractional immigrate 1/month 
Normal fractional migration 1/month 
Total people who can be accommodated a unit people/unit 
Total people per unit unit 
Migration rate due to building dmnl 
Ratio population to building dmnl 
No. of projects unit 
Demand unit/month 
Completed rate unit/month 
Total of completed projects unit 
Fractional demand per population 1/people 
Fractional demand per month unit/month 
Completed unit unit/month 
Planning ton/month 
Purchased building materials ton 
Transfer rate ton/month 
Construction works ton 
Completion of work rate ton/month 
Total tonne to be assembled dmnl 
Usage rate dmnl 
Total tonne per worker per month ton/worker 
Total workers worker 
Ratio dmnl 
Completed construction activities dmnl 
Total tonne have been assembled ton 
Total tonne per building ton/unit 
Purchasing rate 1/month 
Storage ton 
Ratio materials to storage dmnl 
Damage materials dmnl 
Normal usage rate 1/month 
% waste generated after completion of works dmnl 
Normal rate 1/month 
Request to demolish unit/month 
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Demolition works unit 
Demolished unit/month 
Fractional request to demolish per month 1/month 
Waste generated from demolition ton/month 
Request to renovate  unit/month 
Renovation works unit 
Renovated unit/month 
Fractional request to renovate per month unit/month 
Fractional request to renovate per population 1/people 
Total tonne of waste generation from renovation ton/unit 
Waste generation from renovation ton/month 
Waste generation rate ton/month 
Amount of C&D waste ton 
Unavoidable waste ton/month 
Weather condition 1/month 
Waste generation after completion of works ton/month 
Sort waste ton/month 
Normal sorted waste 1/month 
Sorted waste ton 
Workload dmnl 
Sorted tonne per labourer ton/worker 
Labourer worker 
Total sorted dmnl 
Unsorted waste to be sent to landfill ton/month 
Normal unsorted waste 1/month 
Reused ton/month 
Normal reused waste 1/month 
Reused waste ton/month 
Recycle rate ton/month 
Normal recycle rate 1/month 
Total recycle waste ton 
Recycled rate ton/month 
Recycled 1/month 
C&D recycle dmnl 
Ratio recycle to facilities dmnl 
Recycling facilities ton 
Rate of sorted waste to be sent to landfill ton/month 
Normal sorted waste to landfill 1/month 
To be sent to landfill ton/month 
Total unsorted and sorted waste to be sent to landfill ton 
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Sent to landfill ton/month 
Waste at landfill ton 
Disposal rate ton/month 
Ratio tonne to transport dmnl 
Unsorted waste to landfill dmnl 
Fractional disposal 1/month 
Rate of illegal dumping ton/month 
Total capacity ton 
Tonne per transport per month ton/transport 
Transport transport 
Balance rate waste dmnl 
Normal rate of illegal dumping 1/month 
Illegal dumping ton 
Disposal rate of illegal dumping ton/month 
Disposal fractional of illegal dumping 1/month 
Source of reduction rate ton/month 
Willingness to pay RM/ton 
WTP rate RM/ton/month 
Ratio willingness to cost dmnl  
Cost involve RM/ton 
Reduction rate ton/month 
Normal reduction ton/month 
Modern construction method ton/month 
Reduce tonnage per building 1/month 
Perceptions towards C&D waste management ton/month 
% tonnage reduced ton/month 
Awareness and training dmnl 
Monitoring workers’ attitudes dmnl 
 
